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ABSTRACT
Wiacek, Kevin M.S., Department of Chemistry, Wright State University, 2007. Synthesis 
and Electrical Properties of Fluorenyl Polyesters Incorporating Diamond Fragments.
Based on the paradigm of diamond as a wide band-gap electrical insulator, 
molecular counterparts to crystalline diamond (cyclohexane, adamantane, and 
diamantane) were incorporated into a high-temperature fluorenyl polyester (FPE) with 
the intent of increasing the breakdown strength. The effect of incorporating a 
CycloteneTM thermoset as a crosslinking agent to increase the dielectric strength and  the 
self-healing phenomena of these polymers were also investigated. Polymers were 
synthesized using 9,9-bis(4-hydroxyphenyl)fluorene and the diacid chloride of 
cyclohexane, adamantane, and diamantane. Thin films of the polymers were cast from 
chloroform and the electrical properties were investigated. The polyester incorporating 
the largest diamond fragment had the highest breakdown strength (543V/μm). When the 
thermoset (CycloteneTM) was added and cured, the breakdown strength increased to 
(650V/μm). The self-healing phenomenon was investigated by clearing the defects from 
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INTRODUCTION
High energy density and high operating temperature dielectric materials are an 
enabling technology for the advancement of high voltage, pulse-power driven 
applications such as high power microwave sources, lasers, particle beam accelerators 
and defibrillators; they also serve as an energy source for compact mobile military 
applications.
The dielectric characteristics that define a material’s energy density are its 
dielectric constant and the applied electric field that it is subjected to, expressed in V/cm; 
since energy density is proportional to the dielectric constant and varies as the square of 
its breakdown voltage (BDV), it is of substantially greater benefit to attain enhancement 
in dielectric strength instead of a higher dielectric constant.
One of the promising capacitor film dielectrics developed for high temperature 
applications (>200C) is the fluorenyl polyester (FPE) 1. FPE is an amorphous aromatic 
co-polyester derived from the monomers 9,9-bis-(4-hydroxyphenyl)fluorene 2, known for 












Following the paradigm of chemically vapor deposited (CVD) diamond film 
which has a high dielectric strength, hydrogen terminated diamond fragments termed 
diamondoids are incorporated into the polymer backbone of 1 in an attempt to improve 
dielectric strength while maintaining thermal properties.
The objectives of this research were to 1) synthesize the diamondoid diacid 
dihalide monomers, 2) polymerize the diamondoid diacid dihalide monomers with 9,9-
bis-(4-hydroxyphenyl)fluorene, 3) investigate the electrical properties of the polymers 
when used as dielectric films in electrostatic capacitors, 4) study the effect of the addition 
of a benzocylobutene thermoset on a composite film dielectric strength, and 5) study the 
electrical self-healing phenomena of this class of polymers.
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HISTORICAL
High energy density electrostatic capacitors are a vital technology for the 
advancement of pulse-power directed energy weapons for the development of 
lightweight, high-energy storage systems useful for a mobile energy delivery platform 
employing lasers, particle beam accelerators as well as high power microwave weapons. 
The areas of commercial interest that will be impacted include but are not limited to 
aerospace/space power conditioning, oil well drilling/mining and electric utilities.1
For example, there has been considerable investment from commercial aircraft 
developers as well as the Department of Defense in developing a More Electric Aircraft 
(MEA). Large civil aircraft have three lines that feed hydraulic fluid to the Primary Flight 
Control System (PFCS) actuators. In the past two decades, electrohydrostatic actuators, 
which require only electrical power to run, have been developed in an attempt to replace 
the current hydraulic lines. This technology would make the aircraft more efficient and 
more reliable which translates to lower airline costs.2
High energy density capacitors are vital for the mission of the Air Force in many 
other areas. They will improve the development of advanced directed-energy weapons 
such as airborne lasers and a high-power microwave, where an increase in specific energy 
density will enable an increase in power, reducing the amount of time-on-target needed 
for destruction or increasing the range thus reducing the vulnerability of overhead 
weapon systems.3
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High energy density, high operating temperature (>200°C) capacitors are also a 
critical technology. It is not uncommon for capacitors and other electrical components 
placed near the combustion area of a jet engine to experience temperatures of 300°C, far 
above the glass transition temperature of the polymeric dielectric in many commercially 
available capacitors. Military ground and air vehicles stand to gain the most from new 
materials that can operate at high temperatures, since complex cooling systems add 
weight and volume both of which are already at a premium.4
Capacitors
A capacitor is a device that stores electrical potential energy and electric charge. 
They are relatively simple devices composed of two metal conductors separated by an 
insulator. In order to store energy, charge must be transferred from one conductor to the 
other so that one has a positive charge and the other has an equal amount of negative
charge. The ratio of the charge on each conductor (Q) to the potential difference between 




The SI unit of capacitance is the Farad and is equal to 1 coulomb/volt. The higher 
the capacitance is, the greater the magnitude of charge on either conductor for a given 
potential and hence the greater the stored energy. The arrangement shown in Figure 1 is 
referred to as a parallel-plate capacitor.
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Figure 1. Parallel Plate Capacitor.
When electric charge accumulates on the plates, an electric field is created in the 
region between the plates that is proportional to the amount of accumulated charge. This 
electric field creates a potential difference V = E·d between the plates.
Most capacitors use nonconducting materials to separate the two conductors. This 
nonconducting material is called a dielectric. Dielectric materials solve the mechanical 
dilemma of separating the two conductors at a very small distance and can increase the 
maximum possible potential difference between the capacitor plates thereby raising the 
capacitance. The electrons within the molecules of the dielectric are influenced by the 
electric field, causing the molecules to rotate slightly from their equilibrium positions. 
This redistribution of charge is called polarization (Figure 2). The molecules in the 
dielectric material polarize in response to the applied field in an attempt to reduce the 
field inside the material. High polarization susceptibility for a material allows an 
equivalent charge to be stored by applying a smaller electric field leading to an increased 
capacitance.
6
Figure 2. Polarization of Molecules in an Applied Field.
The measure of the degree of polarization is called the dielectric constant (ε). For 
a charged capacitor with magnitude of charge Q on each plate and a potential difference 
V0, the potential difference decreases to a smaller value V when a dielectric material is 
placed between the two conductors. When the dielectric is removed, the potential 
difference returns to its original value. The original capacitance is given by C0 = Q/V0, 
and the capacitance with the dielectric present is C = Q/V. The ratio of C to C0 is the 
dielectric constant. Table 1 contains the dielectric constants of a few common dielectric 
materials.5
Table 1. Dielectric Constants of Common Materials.
Material ε Material ε
Vacuum 1 Polyvinyl Chloride 3.18
Air (1 atm) 1.00059 Plexiglas 3.4
Air (100 atm) 1.0548 Glass 5--10
Teflon 2.1 Neoprene 6.7
Polyethylene 2.25 Germanium 16
Benzene 2.28 Glycerin 42.5
Mica 3--6 Water 80.4
Mylar 3.1 Strontium Titanate 310
No dielectric material is a perfect electrical insulator. During the application of an 
alternating current field, the dielectric material absorbs some of the electrical energy as 
7
the molecules are polarized. This energy can be converted to heat within the dielectric. 
The dielectric constant is composed of two components. One is real, which is called the 
dielectric constant (ε). The other is imaginary, and is called the dielectric loss component 
or dissipation (ε’). The ratio of these two values is designated as the dielectric loss 
tangent or dissipation factor.

 'tan  (2)
When the dielectric material is subjected to a sufficiently strong electric field, 
dielectric breakdown occurs and the dielectric becomes a local conductor. This happens 
when the applied field is strong enough to remove electrons from molecules and they 
accelerate and collide with adjacent molecules, causing an arc. This arc creates a 
conducting path or short circuit between the conductors. For this reason, capacitors have 
a maximum voltage rating.5
The maximum voltage that a material can tolerate without breakdown is called the 
breakdown voltage. When the breakdown voltage is related to the thickness of the 
dielectric it is referred to as the materials dielectric strength. A compilation of dielectric 
constant and dielectric strength for materials commonly used in commercially available 
capacitors is shown in Table 2. There will be a further discussion of electrical breakdown 
later.
Table 2. Dielectric Constants and Strength of Common Dielectrics.






Pyrex Glass 4.7 140
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One of the primary uses of capacitors is to store electrical energy. A capacitor is 
charged by moving electrons from one plate to another. This requires doing work against 
an ever-increasing electric field as more charge is separated. Therefore, energy is stored 
in the field between the plates. The term energy density (µ) is used to determine the 
energy per unit volume. In Equation 3, 0 is the permittivity of free space (8.85×10
-14
F/cm), ε is the dielectric constant of the insulator, and E is the applied electric field, 
which is constant throughout the interior of the capacitor and is equal to V/cm. Maximum 





Equation 3 states that enhanced energy density would require either increased 
dielectric constant, dielectric strength, or both. Since energy density has a quadratic 
dependence on the dielectric strength, there is a greater payoff in attaining a higher
dielectric strength than in generating a higher dielectric constant.
In order to design polymeric dielectric materials that will have inherently high 
dielectric strength, we need to investigate the theory and mechanism of breakdown in 
polymer systems. The term breakdown is usually defined as the “destructive generation 
of a conducting path under such circumstances the insulator will have been irreversibly 
converted to a conducting state.6” In other words, when breakdown occurs, the capacitor 
is no longer able to store electrical charge. Breakdown for insulating polymer systems 
can be classified by four different mechanisms: thermal, electromechanical, electronic, 
and partial discharge breakdown.6
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Thermal Breakdown
As a potential is applied across a dielectric, a current will flow and electrical 
power will be dissipated. This causes the temperature of the material to increase. If the 
material does not breakdown, it will reach a steady state in which the electrical power 
dissipation is equal to the loss of heat from the material to the surroundings. Two cases 
arise that result in a breakdown. First, the temperature can cause a physical change to the 
dielectric so that the breakdown voltage is lowered below the applied voltage. An 
example of this is polymer melting. Second, the conductivity of the dielectric may 
increase at higher temperatures and this will lead to a further increase in the temperature 
and lead to what is known as “thermal runaway.” The first case is by far the oldest of the 
proposed mechanisms.8 It is also the most likely mechanism that occurs for high 
temperature polymers such as polyimides.9
Electromechanical Breakdown
As the electrodes’ charge changes with the application of voltage, the electrodes 
will be electrostatically attracted to each other potentially leading to a decrease in the 
thickness of the dielectric layer. This is directly related to the Young’s modulus of the 
material used as a dielectric. Local heating and softening of the polymer can exacerbate 
the compression. This mechanism is not often seen for capacitors containing polymer 
dielectrics because they are not usually operated at temperatures near the glass transition 
temperature of the polymer. If they are operated under these conditions, as is the case of a 
polyethylene insulated power cable at high voltages, the polymer is usually crosslinked or 
is thick enough for the effect to be negligible.10
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Electronic
Electronic breakdown is usually referred to as either Zener breakdown or 
Avalanche breakdown. Zener breakdown applies to polymeric systems because it 
involves a mechanism in which electrons tunnel from valence bands to conduction bands 
when the field is strong enough and the junction is small. Polymers have band gaps 
typically around 7 eV. This would require an electric field of around 108V/cm to cause a 
breakdown. At a field of this magnitude, the polymer would have broken down by 
another mechanism before such a high field could have been reached. This model is 
usually reserved for breakdown in semiconductors.6
In avalanche multiplications, charged particles, not necessarily electrons, acquire 
enough kinetic energy to have a high probability of ionization at high fields, without 
recombining. This causes a small current, if present, to be greatly increased because of 
the increase in the number of charged particles. The ionization causes irreversible 
damage to the dielectric.11 This model usually describes the breakdown in metal oxide 
dielectric materials, however it is widely debated for polymers, since the applied field is 
not usually high enough for this mechanism to occur, even in thick films.12 For polymer 
systems, this theory requires hot electrons such as free radicals, whose kinetic energy is 
>> kbT. This behavior has been theoretically and experimentally observed for 
polyethylene but only in localized regions at high field.13,14
Partial Discharge Breakdown
Partial discharge breakdown is the most likely breakdown mechanism in organic 
polymers and will be discussed in more detail than the other three mechanisms.
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The first three breakdown mechanisms are dependent on the intrinsic properties of 
the material such as the glass transition, melting temperature, and mechanical properties. 
Partial discharge breakdown is a function of the structure and geometry of the material, 
which is determined by processing parameters.
Partial discharge breakdown occurs when charge carriers are accelerated by the 
electric field through spaces in the dielectric material, usually within low-density 
amorphous regions. It can be divided into two similar pathways: partial discharge and 
free volume breakdown. The two are differentiated by the size of spaces in the material. 
The term void refers to spaces up to a millimeter in improperly processed material and 
can be as small as a few tens of nanometers (10-1000 nm). Free volume is any space from 
1-10 nm.6
The cause of partial discharge breakdown is thought to be spaces in the polymer 
film that arise from the manufacturing process. These processes can result in gas filled 
cavities in the polymer film. Gases have a lower dielectric strength than polymer films. 
Lower electric field regions in the film will give rise to an enhanced electric field in the 
void or free volume.15 Usually, the electric field effects will be dominated by the weaker 
material, in this case the gas.16 Therefore, breakdown will first occur in the void which 
results in degradation of the polymer. Visually, partial discharge breakdown can be 
observed when sparks appear within the polymer voids and damage to the polymer film 
results because of localized heating and subsequent melting of the polymer surrounding 
the void. The formation of this electrical discharge is dependent on the size and shape of 
the voids.6
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Free volume refers to spaces within low-density amorphous regions of polymers. 
In these spaces, charge carriers can accelerate. The energy gained can only be lost 
through collisions resulting in polymer degradation and breakdown.6
Research reported by Park17 attributed an increase in dielectric strength of 
polyethylene terephthalate (PET) at higher pressures to a decrease in free volume. Also, 
he showed that at higher stresses there is a resultant decrease in breakdown strength due 
to the formation of cracks. Nelson and Subuni18 correlated this effect based on the 
cohesive energy density, a measure of the binding forces between molecular chains. 






Here, V is the molar volume, R is the gas constant, and the ΔHvap contains a contribution 
from molecular chain degradation. This theory may explain the higher dielectric strength 
observed for polar polymers. Polar polymer chains are held together by a combination of 
dipolar interactions and van der Waal’s forces leading to a higher cohesive energy 
density. Recently, Crine and Vijh19 showed a correlation between CED and dielectric 
strength for low-density polyethylene at various temperatures. The dependence of 
breakdown voltage on the free volume and cohesive energy density shows that the 
breakdown mechanism may involve structural deformation or polymer chain scission.
The exact mechanism of the degradation of polymer films and breakdown due to 
partial discharge regardless of the size of the spaces is still being debated, but the effects 
are not easy to ignore. For example, PET has voids accounting for 2.5% of the total 
volume.20 This is mainly due to the inefficiency of molecular packing. Many organic 
polymers fall victim to this breakdown mechanism because of common polymer 
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processing methods, which leave residual solvent molecules during casting, promote 
crosslinking reactions, or involve additives. Regardless of the exact breakdown 
mechanism due to voids, there is a noticeable drop in dielectric strength when efforts are 
not taken to reduce impurities and voids.
We cannot generally attribute the breakdown of polymers to one specific 
mechanism. It is usually a combination of several of the mechanisms proposed. 
Regardless of the ultimate mechanism, the cause and effect are the same. “All 
catastrophic breakdown in a solid is electrically driven and ultimately thermal. The 
discharge path involves the melting and probably the carbonization or vaporization of the 
dielectric material.7”
Self Healing/Clearing
Electric breakdown is not always catastrophic in metallized polymer film 
capacitors. Localized breakdowns in the insulator are countered by a process referred to 
as clearing or self-healing. Self-healing occurs when the electrode thickness is very thin. 
In this case, the heat produced by the localized breakdown leads to vaporization of the 
electrode as well as the polymer. This isolates the region of breakdown from the 
remaining intact insulation.21 When the metal electrodes are thick, they have a higher 
current density which can result in a short, rendering the capacitor useless.21 Figure 3
depicts the self-healing process.
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Figure 3. Schematic of the Self-Healing Process.
Certain polymer films, such as polystyrene, are not capable of self-healing 
because of the amount of carbon atoms present in the polymer. For these polymers, large 
amounts of graphite particles can form and develop a short circuit between the 
electrodes.22
This phenomenon was first studied by Kammermaier21 in the 1960’s, and has 
been extensively studied for polypropylene (PP) capacitors. Many capacitor companies
utilize self-healing by charging their capacitors to a voltage slightly below the breakdown 
voltage in order to clear all defects from the material before they are made commercially 
available.
Polymer dielectrics are the preferred materials of choice for many high-voltage, 
pulsed-power, electrostatic capacitor applications. They have high dielectric strength, low 
dissipation factors, good dielectric stability despite having inherently lower dielectric 
constants relative to ceramics, and have the ability to self-heal. Among the metallized 
thin film capacitors known commercially, biaxially oriented polypropylene (BOPP) is 
known to exhibit the highest dielectric strength (~ 650 V/m and a desirably low 







very low dielectric constant (2.2) and a low service temperature (~105°C).22 The 
commercial polyester dielectric PET, also used in capacitors, has a dielectric constant of 
3.3 and a reasonably high dielectric strength (570 V/m), but has a relatively high 
dissipation factor (~ 10-2 at 1 kHz), which increases with temperature and frequency. PET 
is also limited by a maximum operating temperature of 125°C.22 Poly(ethylene 
naphthalene-2,6-dicarboxylate) (PEN) has a slightly higher use temperature due to its 
higher Tg and its dielectric properties are comparable to those of PET.23,24
Current commercially available polymer film capacitors haven’t been known to 
exhibit any noticeable increase in energy density for several decades. For example, 
polypropylene capacitors have an energy density of 1.35 J/cm3 or 0.46 J/g and can only 
be operated under 105°C. Much of the lack of technology advancement in this area can 
be attributed to the small market for high-energy-density capacitors.
The Department of Defense’s (DoD) requirements for the next generation
dielectric films are stringent. Besides an ultra-high dielectric strength on the order of 800-
1000 V/μm (20-25 KV/mil), a relatively low dissipation factor in the 10-4-10-3 range at 1 
kHz frequency as well as a dielectric constant > 3, a pulse discharge capability in the μs 
to ns range is required. The target material energy densities are in the range of 10-15 
J/cm3, which, in a packaged form, would provide energy densities in the 3-5 J/cm3 range.
There are currently no polymers that can satisfy both the high energy density and 
high temperature goals of the DoD. It is thought that polymers with high glass transition 
temperatures can potentially delay the onset of electromechanical breakdown under an 
increasing electric field, since the electrical breakdown characteristics of polymers in the 
temperature region near their softening points are similar to the changes of the film’s 
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mechanical properties.25 One of the promising capacitor film dielectrics developed for 
high temperature applications (>200C) is a fluorene polyester (FPE) 1. FPE is an 
amorphous aromatic polyester derived from 9,9-bis(4-hydroxyphenyl)fluorene 2, known 
for conferring desirable thermal properties in polymers, and a mixture of terephthaloyl 










Besides the obvious advantages of higher temperature use and improved 
processability relative to PET, FPE films have also been known to exhibit reasonably 
high dielectric strength (~600 V/µm) and a dissipation factor considerably lower than that 
of PET while having a comparable dielectric constant. With the objective of developing 
reliable and efficient space power systems, the potential of FPE films has also been 
evaluated by NASA as a capacitor dielectric and wiring insulation for cryogenic 
applications.28 A comparison of the electrical properties of FPE and other dielectric 
materials is shown below.
Table 3. Electrical Properties of Polymers Used in Capacitors.
Property Units PC PEN PPS PI PTFE FPE
Dielectric Constant (1KHz) - 3 3.2 3.1 3.3 2 3.3
Dissipation Factor (1KHz) % 0.1 0.5 0.06 0.2 0.01 0.03
Dielectric Strength KV/mil 9 12 10 10.5 4.2 15
Resistivity Ω•cm 1016 1015 1016 1017 1019 -
Max. Use Temperature ºC 125 135 150 >300 260 275
Available thicknesses μm 2 – 20 2 – 20 2 – 10 >50 9 – 20 2 – 6
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Today, many high temperature capacitors rely on polycarbonate (PC) as the 
dielectric material. In the summer of 2000, the sole supplier of PC film announced that it 
would stop producing the film. Despite the improved performance of FPE over PC and 
other polymers, FPE cannot achieve the breakdown strength that the Department of 
Defense requires.29
Few research groups have investigated chemical methods as a means of 
increasing the dielectric strength of polymers. It was mentioned that partial discharge 
breakdown is the most likely mechanism of breakdown in organic polymers. It is 
reasonable to assume that polymers can be designed that seek to reduce the effects of 
partial discharge breakdown mechanisms by decreasing the free volume in polymer films. 
A higher dielectric strength could be attained and thereby an increase in energy density. 
There are several approaches one could take to increase the dielectric strength by 
reducing the free volume. Two such approaches are 1) to chemically mimic naturally 
occurring high dielectric strength materials, such as diamond, and 2) to add crosslinking 
agents into the polymer.
Diamond is the hardest and most dense naturally occurring crystalline material. It 
is an excellent thermal conductor and electrical insulator. The dielectric strength can be 
as high as 10 MV/cm (1000 V/m) for the single crystal. It also has an exceptionally low 
dissipation factor (10-5). Polycrystalline chemical vapor deposited (CVD) diamond film 
has a stored energy density of 10 J/cm3 based on a dielectric constant of 5.68 and a 
dielectric strength of 6.4MV/m (640V//m). The cost and large area deposition problems 
are obstacles preventing CVD diamond from being a practical dielectric material.25
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Based on the broad analogy to CVD diamond, hydrogen terminated diamond 
fragments of the adamantane family may achieve bulk diamond-like properties. This is 
validated by the fact that large HOMO-LUMO gaps in diamondoids are considered as 
molecular counterparts to the large fundamental band gap in diamond, which is 
responsible for its optical transparency in the visible region as well as its electrically 
insulating properties.30
Figure 4 shows the electronic structure and band gap of (a) adamantane 4, (b) 
diamantane 5, (c) tetramantane 6, and (d) decamantane 7. The fundamental band gaps are 
indicated in eV and DOS refers to the Density of States.30
Figure 4. Band Gap of Molecular Diamond Fragments.
We will refer to adamantane and higher order diamond like units as diamondoids, 
which are essentially cycloaliphatic/diamond-like hydrocarbon units. Formally, the 
smallest possible diamondoid is adamantane, but cyclohexane can be considered a 
subunit of adamantane itself. Adamantane contains ten carbons atoms and sixteen 
hydrogen atoms arranged as a diamond cage. Larger diamondoids are created by 




Diamondoids occur naturally dissolved in oil and it’s distilled byproducts. They 
precipitate at low temperatures and low pressures where they act as nucleation sites for 
the formation of sludge. Recently, isomerically pure diamondoids have been extracted 
with some containing as many as 11 adamantane cages.30
Caged hydrocarbons such as 4 and 5 are functionalized by reacting with bromine 
in the presence of aluminum bromide to yield the corresponding dibromo compounds. 
For example, the bromination of 5 gives a mixture of 33% 1,4-dibromodiamantane 8, 
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The brominated adamantanes can then be further reacted to give the dicarboxylic 
acids using the Koch-Haaf carboxylation. For example, 9 can be reacted with silver 













The chemical literature abounds with reports documenting the synthesis and 
characterization of polymers containing cycloaliphatic as well as diamond-like 
hydrocarbon units in the backbone. The molecular design of polyimides based on trans-
1,4-cyclohexanediamine and various anhydrides is known to have resulted in polymers 
with low dielectric constants, low coefficients of thermal expansion and high Tg's.33
The lower diamondoid structural units such as adamantane and diamantane have
been incorporated into polyimide and polyamide structures to explore their potential as 
low dielectric constant materials for electronic applications.34,35
Chern34 synthesized new adamantane based polyimides. The conversion of 1,3-
dibromoadamantane 12 to 1,3-bis(4-hydroxyphenyl)adamantane 13 was followed by the 
reaction of 13 with p-chloronitrobenzene in the presence of potassium carbonate in N-
dimethylformamide (DMF) to yield a dinitro compound. The dinitro compound was then 
converted to the diamine 14 by reaction with hydrazine monohydrate and 10% palladium 

























































Because of the hyrdophobicity and polarity of the bulky adamantane group, 
polymers 17a-g exhibited low dielectric constants (<3.0), low moisture absorption and 
high Tg’s (250-330°C).
The desire for thermally stable polymers for use as replacements for metals and 
ceramics in the automotive and aerospace industry has lead to the development of various 
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high temperature polyamides 20a-g derived from the polycondensation of 4,9-bis(4-
aminophenyl)diamantane 18 with a series of carboxylic acids 19a-g.32,36,37
NH2
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These experiments lead to the conclusion that the incorporation of diamantane 
units into a polyamide can improve the optical properties without sacrificing thermal 
behavior.
Adamantane and diamantane have also been investigated as compounds in chain 
growth polymerizations. Homo- and copolymers 21a-f based on 3-(1-adamantyl)propene
23 and a series of α-olefins 22a-f were synthesized using the metallocene catalyst 
Et(Ind)2ZrCl2. The resulting polymers were mostly insoluble in organic solvents and the 









R= H (a), methyl (b), n-propyl (c), i-butyl (d), n-butyl (e), n-hexyl (f)
High temperature thermoset resins from the isomeric diethynyldiamantanes 24











Compound 24 and its isomers underwent thermal polymerization to yield 
thermoset resins that were stable up to 475°C. This unusually high thermal stability for an 
aliphatic hydrocarbon polymer was attributed to the presence of the diamond like 
structure in the backbone, which retards the degradation reactions resulting from 
nucleophilic or electrophilic attack or from elimination reactions.31
Electroluminescene (EL) devices that use conjugated polymers as an emitting 
medium have been of considerable interest beginning with poly(p-phenylvinylene) 
(PPV). One difficulty in achieving high luminescence quantum yields is interchain 
interactions. The adamantane linking unit in the PPV derivative poly(2-methoxy-5-
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adamantaneethyloxy-p-phenylenevinylene) 27 was used as a spacer on the backbone to 
help reduce inter-chain interaction as well as to prevent the aggregation of the 
chromophores in the solid state.39,40 (A chromophore is a region in a molecule where the 
energy difference between two different molecular orbitals falls within the range of the 
visible spectrum. Visible light that is incident on the chromophore can thus be absorbed 











The conversion of 11 to 4,9-diamantanedicarboxylic acid chloride 28 by using 
thionyl chloride opens up the possibility for the adamantane and diamantane units to be 
incorporated into polyesters 29a-c by reaction with diols 30a-c with the intent of 
























The synthetic route devised by Chern41 to incorporate 28 into polyesters lead us to 
attempt to synthesize derivatives of the fluorenyl polyester 1 by replacing the 
terephthaloyl and isophthaloyl chloride units with the lower order adamantanes with the 
intent of increasing the dielectric strength of 1 while maintaining its thermal properties.
Instead of designing new polymers capable of withstanding high electric fields, 
enhancing/modifying the processing of polymeric materials may also lead to an increase 
in dielectric strength. Incorporation and cure of a high-performance thermoset in the
dielectric may enhance the film dielectric breakdown strength by cross-linking the 
dispersant. The cross-linking will minimize the void volume/micro-defects responsible 
for partial discharge breakdown as describer earlier.
The growing demand for high power and efficiency in power 
microelectromechanical systems (MEMS) has led to the development of thin, low 
dielectric constant materials capable of withstanding high voltages with low energy 
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losses. Benzocyclobutenes (BCB) have been of considerable interest because oftheir low 
dielectric constants, low losses at high frequencies, low moisture absorption, thermal cure 
without the evolutions of volatiles, high degree of planarization, high optical clarity, good 
thermal stability, and excellent chemical resistance.42 Two examples of BCB thermosets 
are benzocyclobutene 31 and 1,3-divinyl-1,1,3,3-tetramethyldisiloxane-
bisbenzocyclobutene (DVS-bis-BCB) 32, the latter being referred to as Cyclotene®, 







Benzocyclobutenes can be β-staged cured. This means that the curing reaction can 
be stopped before all the monomer is consumed. It can be reacted until completion at a 
later time. The polymerization is proposed to begin with a thermally driven ring opening 
of the four membered ring in 31 to give o-quinodimethane 32. The intermediate is highly 
reactive and can undergo three distinct reactions. First it may undergo a Diels-Alder 
reaction with available dienophiles to give 33. It can dimerize to give 1,2,5,6-
dibenzocyclooctadiene 34, or it can also polymerize to yield poly(o-xylene) 35. During 
this process, no volatiles are emitted which is a reason for its widespread use as a spin-on 












The objectives of this research were to 1) synthesize the diamondoid diacid 
dihalide monomers, 2) polymerize the diamondoid diacid dihalide monomers with 9,9-
bis-(4-hydroxyphenyl)fluorene, 3) investigate the electrical properties of the polymers 
when used as dielectric films in electrostatic capacitors, 4) study the effect of the addition 
of a benzocylobutene thermoset on a composite film dielectric strength, and 5) study the 




Nuclear magnetic resonance (NMR) spectra were obtained using a Bruker Avance 
300 NMR Spectrometer (1H and 13C). Calculated chemical shifts were obtained using 
ChemDraw 10.0. Samples were run at concentrations of approximately 10-20% (w/v) in 
CDCl3 with tetramethylsilane (TMS) as an internal standard. Infrared spectra (FT-IR) 
were recorded using a Thermo Nicolet Nexus 470 FT-IR Spectrometer. Differential 
scanning calorimetry (DSC) was employed for the measurement of the Tg’s and the
detection of any other thermal transitions. For this purpose, a TA Instruments DSC 
Model 2910 was used at a heating rate of 10°C/min. An Auto TGA 2950HR V5.4A 
thermogravimetric analyzer (TGA) was employed to study the thermal/thermo-oxidative 
stabilities of the fluorenyl polyesters. Gel Permeation Chromatography (GPC)
characterization of the polymers was performed in NMP containing 0.5 % LiBr at 70°C 
using TriSEC version 3.00 software (Viscotek model 3580, Houston, TX) with a 
refractive index (RI) detector. Metallization of the polymer films were performed using a 
Kurt J. Lesker PVD-75 deposition system. The dissipation factors and the dielectric 
constant of the metallized dielectric films were measured using a 4284A precision LCR 
Meter from Agilent Technologies (Palo Alto, CA) in the 20 Hz-1 MHz range. The 
measurement of bulk dielectric constants was accomplished on thick 
filmsmunmetallized) using an EG&G model 283 Potentiostat over a frequency 
range of 1Hz-1 MHz with an amplitude of 5 mV rms. The dielectric strength was 
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evaluated using a precision-regulated high voltage power supply Bertran models 210-05 
R or Spellman SR6 with an operating voltage capability up to 30 kV. The monomer 9,9-
Bis-(4-hydroxyphenyl)fluorene 2  (BHPF, TCI America, Portland, OR) was recrystallized 
from toluene before use in polymerization. Adamantane-1,3-dicarboxylic acid and trans-
1,4 cyclohexanedicarboxylic acid were obtained from TCI America. Custom synthesis
provided 4,9-diamantanedicarboxylic acid.45 Anhydrous 1,2-dichlorobenzene (Aldrich) 
was used as received in the polymerization reaction. Cyclotene,® 1, 3-divinyl-1, 1, 3, 3-
tetramethyldisiloxane-bisbenzocyclobutene (DVS-bis-BCB) 32 in mesitylene was 
purchased from Dow Chemical.
trans-Cyclohexane-1,4-dicarbonyl dichloride 37
trans-1,4-Cyclohexanedicarboxylic acid 36 (7.5 g, 43.5 mmol) was heated at 
reflux under nitrogen with 70 mL thionyl chloride in the presence of  a few drops of N,N-
dimethylformamide (DMF). After 3 h, a clear solution was obtained. Excess thionyl 
chloride was removed in vacuo and the crude residue was recrystallized from hot heptane 
to obtain 5.5 g (60% yield) of white crystals of 37; mp, 65-66 C̊ (lit.mp 65-68°C).
Adamantane-1,3-dicarbonyl dichloride 39
Adamantane-1,3-dicarboxylic acid 38 (6.5 g, 28.9 mmol) was mixed with 75 mL
thionyl chloride and a few drops of DMF. The mixture was then heated at reflux under 
nitrogen. The homogeneous solution was cooled and excess thionyl chloride was 
removed in vacuo. The crude diacid chloride was mixed with 200 mL heptane and heated 
to reflux under nitrogen. The solution was hot filtered and the filtrate was concentrated to
yield 5.7 g of 39 (75 %) as white crystals; mp, 91-92 C̊ (lit.mp 89-90°C).
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Diamantane-4,9-dicarbonyl dichloride 28
Diamantane-4,9-dicarboxylic acid 11 (3.0 g, 10.8 mmol) was refluxed for 3 h with 
an excess (60 mL) of thionyl chloride in presence of a few drops of DMF under a flow of 
dry nitrogen. The hot, yellow solution was filtered and excess thionyl chloride was 
removed in vacuo. The off-white residue was recrystallized from 300 mL hot heptane to 
yield 2.0 g of 28 (59%); mp, 230-232 C̊ (lit.mp 234°C).
Adamantane-1-carbonyl chloride 41
Adamantane-1-carboxylic acid 40 (3.0 g, 16.6 mmol) was refluxed with an excess 
of thionyl chloride (15 mL). A homogeneous solution was obtained after 3 h. Excess 
thionyl chloride was removed in vacuo and a low melting crystalline white solid was 
obtained in essentially quantitative yield. The diacid chloride 41 was maintained under a 
purge of dry nitrogen for use as the endcapping agent for the polyesters; 51-53 C̊ (lit.mp 
53-54°C).
General procedure for the preparation of fluorene-polyesters 42a-c
In a three-necked flask fitted with a magnetic stirrer-bar, a reflux condenser and a 
nitrogen inlet, 9,9-bis(4-hydroxyphenyl)fluorene 2 (3.5041 g, 10 mmoles) and trans-1,4-
cyclohexanedicarbonyl dichloride 37 (2.091 g, 10 mmoles) were mixed with anhydrous 
1,2-dichlorobenzene (17 ml). The mixture was heated initially to a temperature of 100 C̊ 
for complete dissolution of the monomers and the temperature was then raised to 165 C̊. 
After 16 h, the temperature of the polymerization was increased to 180 C̊ and the reaction 
was continued for another 4 h. After cooling, the viscous solution was added to a large 
excess of methanol to precipitate the polymer. After soxhlet extraction with methanol and 
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vacuum drying, the polymer was purified via dissolution in chloroform and 
reprecipitation in heptane. The filtered white polymer was dried in vacuo at 100 C̊ for   
24 h.
Poly 9,9-bis(4-hydroxyphenyl)fluorene 42a (FCHPE)
The white fibrous solid was obtained in 91% yield: IR (film) cm-1 3062 (aromatic 
CH), 1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR 
(CDCl3) 7.76, 7.74, 7.35, 7.34, 7.20, 7.17, 6.92, 6.89, 2.53, 2.23, 2.20, 1.64, 1.63, 1.60, 
1.58, 1.57; 13C NMR (CDCl3) ppm 173.75, 150.80, 149.49, 143.17, 140.03, 129.13, 
127.86, 127.69, 126.12, 121.14, 120.25, 64.584, 42.45, 27.86.
Poly 9,9-bis(4-hydroxyphenyl)fluorene 42b FADPE
The white fibrous solid was obtained in 94% yield: IR (film) cm-1 3062 (aromatic 
CH), 1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR 
(CDCl3) 7.75, 7.73, 7.36, 7.34, 7.32, 7.32, 7.26, 7.24, 7.19, 7.19, 7.16, 6.90, 6.87, 2.26, 
2.23, 2.05, 2.01, 1.97, 1.74; 13C NMR (CDCl3) ppm 175.076, 150.846, 149.651, 143.084, 
140.013, 129.090, 127.856, 127.654, 126.100, 121.125, 120.228, 64.586, 41.300, 39.442, 
37.841, 27.752. 
Poly 9,9-bis(4-hydroxyphenyl)fluorene 42c FDAPE 
The off-white fibrous solid was obtained in 95% yield: IR (film) cm-1 3062 (aromatic 
CH), 1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR 
(CDCl3) 7.76, 7.74, 7.73, 7.36, 7.34, 7.33, 7.24, 7.20, 7.17, 6.91, 6.88, 2.03, 1.91; 13C 
NMR (CDCl3) ppm175.97, 150.89, 149.78, 143.01, 140.02, 129.08, 127.85, 127.65, 
126.10, 121.17, 120.24, 64.60, 39.11, 38.97, 36.14.
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General procedure for preparation of fluorene-polyesters with endcaps 43a-c
In a three-necked flask fitted with a magnetic stir-bar, a reflux condenser and a 
nitrogen inlet, 9,9-bis(4-hydroxyphenyl)fluorene 2 (3.5041 g, 10 mmoles) and trans-1,4-
cyclohexanedicarbonyl dichloride 47 (2.069 g,  9.896 mmol, 99 mole % relative to 1) 
were mixed with 17 mL anhydrous 1,2-dichlorobenzene as the solvent to provide an 
initial solids concentration of 20 wt %. The mixture was heated initially to a temperature 
of 100 C̊ for complete dissolution of the monomers and the temperature was raised to 
165 C̊ and the solution was maintained at that temperature overnight. The temperature 
was raised to 175 C̊ and maintained for 2 h before the addition of the endcapping agent, 
adamantane-1-carbonyl chloride 42 (0.039 g, 0.002 mmol, 2 mole % relative to 1) 
dissolved in 5 mL 1,2-dichlorobenzene. The temperature of the bath was then raised to 
185 C̊ and the reaction was continued for a further 6 h. After cooling, the highly viscous 
solution was diluted with a further 10 mL addition of 1,2-dichlorobenzene and added to a 
large excess of methanol (750 mL) to precipitate the polymer. Clumps of tough, fibrous 
white polymer were broken up in a blender prior to filtration followed by soxhlet 
extraction with methanol for 48 h. After vacuum drying at 100 C̊, the polymer was 
purified via dissolution in chloroform and reprecipitation in excess heptane. After 
filtration and vacuum drying at 100 C̊ for 24 h, 4.5 g (93 %) of a very fluffy, white solid 
was obtained.
FCHPE-EC 43a
The white powder was obtained in 93% yield: IR (film) cm-1 3062 (aromatic CH), 
1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR (CDCl3) 
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7.76, 7.74, 7.35, 7.34, 7.20, 7.17, 6.92, 6.89, 2.53, 2.23, 2.20, 1.64, 1.63, 1.60, 1.58, 
1.57; 13C NMR (CDCl3) ppm 173.75, 150.80, 149.49, 143.17, 140.03, 129.13, 127.86, 
127.69, 126.12, 121.14, 120.25, 64.584, 42.45, 27.86.
FADPE-EC 43b
The white powder was obtained in 90% yield: IR (film) cm-1 3062 (aromatic CH), 
1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR (CDCl3) 
7.75, 7.73, 7.36, 7.34, 7.32, 7.32, 7.26, 7.24, 7.19, 7.19, 7.16, 6.90, 6.87, 2.26, 2.23, 
2.05, 2.01, 1.97, 1.74; 13C NMR (CDCl3) ppm 175.076, 150.846, 149.651, 143.084, 
140.013, 129.090, 127.856, 127.654, 126.100, 121.125, 120.228, 64.586, 41.300, 39.442, 
37.841, 27.752.
FDAPE-EC 43c
The white powder was obtained in 92% yield: IR (film) cm-1 3062 (aromatic CH), 
1754 (C=O), 1503 (C=C), 1205 (C-O), 2942 and 2864 (aliphatic C-H); 1H NMR (CDCl3) 
7.76, 7.74, 7.73, 7.36, 7.34, 7.33, 7.24, 7.20, 7.17, 6.91, 6.88, 2.03, 1.91; 13C NMR 
(CDCl3) ppm175.97, 150.89, 149.78, 143.01, 140.02, 129.08, 127.85, 127.65, 126.10, 
121.17, 120.24, 64.60, 39.11, 38.97, 36.14.
Film Fabrication
Polymers 42a-c were cast into freestanding thin films (5-7 m range, measured by 
profilometry) from dilute polymer solutions in chloroform. Thicker films (~70-80μm) 
were cast for bulk dielectric constant measurements. Appropriate solutions were filtered 
through a 0.45  PTFE membrane syringe filter and the solvent was slowly evaporated 
from a tall cylindrical casting dish with a flat bottom, placed in a desiccator. After 
complete solvent evaporation, the film was carefully floated off the glass surface by the 
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addition of distilled water to the casting dish. The films were vacuum-dried at 80 C̊ for a 
minimum of 48 h.
Addition of DVS-bis-BCB 32 to polymer films
The solvent mesitylene (1,3,5-trimethylbenzene) was removed from the as-
received solution of Cyclotene® in vacuo. The residual viscous liquid was dissolved in 
chloroform (200 mg in 100 mL) and the dilute chloroform solutions were used in the 
fabrication of polyester composite films containing 5 wt % CycloteneTM. Typically, a 
measured volume of the chloroform solution of CycloteneTM was added to a dilute 
solution of the polyester in chloroform. After thorough mixing, the solutions were filtered 
through a 0.45 m syringe filter and then dispensed into a tall cylindrical glass casting 
dish. The dish was kept inside a desiccator and the chloroform was slowly evaporated 
under ambient conditions over a period of 48-72 h. The resulting thin composite films 
(typically 6-7 m thick) were carefully isolated from the glass dish by addition of 
deionized, distilled water. The wet films were maintained smooth and flat between two 
glass Petri dishes and were dried in a vacuum oven in the temperature range of 45-50 C̊ 
for 48-72 h. 
Metallization
The polymer films were metallized using thermal evaporation to establish the 
parallel plate capacitor. Aluminum pellets were placed into the basket. Electrodes were 
connected to both sides of the basket. The chamber was “pumped down" in order to 
achieve the low pressure (1×10-6 Torr). A high current passed through the basket, causing 
it to heat up. As electrical current was increased, the aluminum pellets melted and were 
eventually vaporized. A continuous aluminum layer (A in Figure 5) was deposited at a 
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rate of 1.5 Å/sec. The process was repeated a second time with a metal screen placed over 
the un-metallized side of the polymer to create layer B in Figure 5. The aluminum “dots” 
have an area of 8.038 × 10-6 m2.
Top View                               Side View





The objectives of this research were to 1) synthesize the diamondoid diacid 
dihalide monomers, 2) polymerize the diamondoid diacid dihalide monomers with 9,9-
bis-(4-hydroxyphenyl)fluorene, 3) investigate the electrical properties of the polymers 
when used as dielectric films in electrostatic capacitors, 4) study the effect of the addition 
of a benzocylobutene thermoset on a composite film dielectric strength, and 5) study the 
electrical self-healing phenomena of this class of polymers.
trans-Cyclohexane-1,4-dicarbonyl dichloride 37
The conversion of trans-1,4-cyclohexanedicarboxylic acid 36 to the 











Compound 37 was characterized by FTIR, 1H NMR and 13C NMR. The infrared 
(IR) spectrum (Figure 23) of 37 exhibited an acid chloride carbonyl absorption at 1797 
cm-1 as well as aliphatic CH and CH2 absorptions at 2956 cm-1. The 1H NMR spectrum 
(Figure 24) of 37 clearly indicates the presence of a trans substituted cyclohexane ring 
with the axial protons exhibiting an absorption at about  2.33 and the equatorial protons 
with exhibit an absorption at  1.59. The protons alpha to the carbonyl carbon are 
37
observed to be the most deshielded ( 2.75) because of the electron withdrawing nature 
of the carbonyl group (Table 4).
ppm (f1)
1.501.601.701.801.902.002.102.202.302.402.502.602.702.80
Figure 6. Expanded Aliphatic Region of the 1H NMR Spectrum of 37.
The 13C NMR spectrum (Figure 25) of 37 shows a distinct carbonyl carbon 
absorption at 176.07 ppm. The two carbons bonded to the carbonyl carbon absorb at 
53.66 ppm. The four other carbons are all chemically shift equivalent and absorb at 27.69 
ppm (Table 4).














2.75 (s, 2H, Al)
2.33 (m, 4H, Al)






1,3-Adamantanedicarboxylic acid 38 was converted to the corresponding diacid 







O OH O Cl
38 39
Compound 39 was characterized by IR, 1H NMR and 13C NMR. The IR spectrum 
(Figure 26) of 39 exhibited an acid chloride carbonyl absorption at 1778 cm-1 as well as 
the aliphatic CH and CH2 absorptions at 2952, 2915, and 2863 cm-1 (Table 5). The 1H
NMR spectrum (Figure 27) of 39 clearly indicates the protons in the aliphatic region that 
correspond to the C-H and CH2 protons in the adamantane unit. The pattern shown in 
Figure 7 is typical of 1,3-disubstituted adamantanes.
ppm (f1)
1.701.801.902.002.102.202.302.40
Figure 7. Expanded Aliphatic Region of the 13C NMR Spectrum of 39.
The 13C NMR spectrum (Figure 28) of 39 showed five aliphatic carbon 
absorptions in the 45-24 ppm range, and an acid chloride carbonyl absorption at 178.65 
ppm (Table 5). The absorption of the carbon bonded to the carbonyl carbon is observed 
to be the more downfield (51.33 ppm) than the other aliphatic carbon peaks. The carbon 
absorption at 37.85 ppm can be correlated with the four carbon atoms beta to the carbonyl 
carbons. The carbon absorption of the atom alpha to both carbonyl carbons appears at 
39.92 ppm. The peak at 34.63 ppm corresponds to the two tertiary carbon atoms gamma 
39
to the carbonyl carbons. The secondary carbon atom farthest from the electron 
withdrawing groups is observed most upfield at  27.73 (Table 5).
Table 5. IR and NMR Spectral Data of 39.
Compound IR (cm










2.35 (t, 2H, Al)
2.24 (s, 4H, Al)
2.03 (q, 6H, CH2)









The compound 4,9-Diamantanedicarboxylic acid 11 was converted to 28 by 








Compound 28 was characterized by IR, 1H NMR and 13C NMR. The IR spectrum 
(Figure 29) of 28 exhibited an acid chloride carbonyl absorption at at 1785 cm-1 as well 
as the carboxylic acid absorption at 1691 cm-1. The aliphatic CH and CH2 absorptions 
occur at 2942 and 2900 cm-1 (Table 6). The IR, 1H, and 13C NMR of 28 were performed 
after use of 28 in polymerization reactions. Apparently, compound 28 is fairly unstable
and had partially hydrolyzed to the carboxylic acid. The NMR experiments can still 
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provide useful information as to the chemical shifts of the protons and carbons in 
diamantane since we do not expect the chemical shifts to differ appreciably between 28 
and the carboxylic acid 11. The 1H NMR spectrum (Figure 30) of 28 clearly indicates the 
presence of aliphatic protons with absorptions at  1.76 that corresponds to the 18 protons 
in diamantane (Table 6). There is also a broad absorption presumably due to the 
hydroxyl group of the carboxylic acid centered at 6.75 ppm.
ppm (f1)
32.033.034.035.036.037.038.039.040.041.042.043.044.0
Figure 8. Expanded Aromatic Region of the 13C NMR Spectrum of 28.
The 13C NMR spectrum (Figure 31) of 28 is more useful in elucidating the 
structure of the diamantane monomer. It showed three aliphatic carbon absorptions and 
the carbonyl carbon absorption. Carbons 4 and 9 appear at 37.58 ppm. The carbons alpha 
to the carbonyl appear at much higher field compared to the alpha carbons in the case of 
compounds 37 and 39. The six carbons beta to the carbonyl carbons (C-3,5,8,10,13,14) 
appear at 38.83 ppm. The other six carbons that are gamma to the carbonyl carbons 
appear at 35.72 ppm (Table 6).
38.83
41

























The fluorene monomer 2 was commercially available and recrystallized from 
toluene before use in the polymerizations. Compound 2 was characterized by IR, 1H 
NMR and 13C NMR. The IR spectrum (Figure 32) of 2 exhibited a broad O-H absorbtion 
at 3369 cm-1. The 1H NMR spectrum (Figure 33) of 2 clearly indicates the presence of 
two para disubstitied benzene rings with absorptions at δ 6.92 and 6.64. The 13C NMR 
(Figure 34) shows ten peaks in the aromatic region of the spectrum 160-110 ppm. The 
aromatic carbon bonded to the hydroxyl group appears at 155.97 ppm (predicted; 156.0 




Figure 9. Expanded Aromatic Region of the 1H NMR Spectrum of 2.
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The correlation of all the 1H NMR and 13C NMR resonances with individual 
atoms in 2 is difficult because many of the chemical shifts are very similar. The major 
purpose of obtaining the NMR spectra of 2 is to validate the incorporation of 2 into the 
polymers. 
Polymerizations
Polymerization reactions of 9,9-bis(4-hydroxyphenyl)fluorene 3 with diacid 













2 37, 39, 28 42a-c
R, (R') =
37 (42a) 39 (42b) 21 (42c)
FCHPE FADPE FDAPE
Polymers 42a-c were obtained in yields greater than 90%. They showed high 
solubility in chloroform and could be cast as thin films. Characterization of 42a-c was 
done by IR, 1H NMR and 13C NMR analyses.
The IR spectral absorptions (Figures 35 and 36) of the polymer films 42a and 42c
were similar to those that were exhibited in the monomers. The ester C=O exhibited an 
absorption at 1754 cm-1, the ester C-O at 1205 cm-1 and 1168 cm-1. Aliphatic CH2 and 
CH absorptions occur at 2942 and 2864 cm-1, and the aromatic C=C absorptions at 1503
cm-1. The IR spectra of polymers 42a-c are indistinguishable from one another due to the 
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similarity of the aliphatic C-H and C-C bonds in cyclohexane, adamantane, and 
diamantane units.
The 1H NMR spectra (Figures 37, 38, and 39) of all the polyesters synthesized 
42a-c showed little difference in the chemical shifts when compared to the monomer 2 
and the diacid chlorides 37, 39, and 28 and the dicarboxylic acid 11. The only noticeable 
difference is the loss of the phenolic proton absorptions and a shift downfield of the para 
disubstituted benzene ring protons due to the electron withdrawing effect of the carbonyl 
group.
In the 13C NMR spectra (Figures 40, 41, and 42) of polymers 42a-c, most of the 
absorptions were similar to those found in the 13C NMR spectrum of the monomer 3 and 
the diacid chlorides. The carbonyl carbon becomes slightly less shielded in the ester than 
it is in the acid chloride compound. 
We expect the 1H NMR and 13C NMR spectra of the polymers to be a summation 
of the peaks that are present in the monomers. The similarities in the absorptions of the 
protons and carbons in the polymers and their corresponding monomers are shown in the 
example of polymer 42a (Figures 10, and 11; Tables 7 and 8).
Table 7. 1H NMR Spectral Data for Compound 2, Polymer 42a and Compound 37.









2.53 (s, 2H, Al)
2.20 (m, 4H, Al)
1.60 (m, 4H, Al)
2.75 (s, 2H, Al)
2.33 (m, 4H, Al)



































Table 8. 13C NMR Spectral Data of Fluroene diol 2, Polymer 42a, and 37.





















Table 9. IR and 13C NMR Spectral Data of the Polymers 42a-c.
Polymer IR absorptions,Film (cm-1)




2942, 2864 (Al CH),
 1754 (C=O),
 1205, 1168 (C-O), 
1503 (Ar C=C)
173.75, 150.80, 149.49, 143.17
140.03, 129.13, 127.86, 127.69




2942, 2864 (Al CH),
 1754 (C=O),
 1205, 1168 (C-O), 
1503 (Ar C=C)
175.08, 150.85, 149.65, 143.08, 
140.01, 129.09, 127.86, 127.65, 
126.10, 121.13, 120.23, 64.59, 
41.30, 39.44, 37.84, 35.24, 27.75
42c
FDAPE
2931, 2879 (Al CH),
 1747 (C=O),
  1186 (C-O), 
1503 (Ar C=C)
175.97, 150.89, 149.78, 143.01, 
140.02, 129.35, 129.08, 127.85, 
127.78, 127.75, 127.65, 126.10, 
121.17, 120.24, 64.60, 39.11, 
38.97, 38.89, 36.14
Ar=aromatic, Al=aliphatic
Polymers 42a-c were also characterized by GPC, DSC and TGA analyses. The 
analysis of the polymers 42a-c by GPC resulted in the determination of the molecular 
weights. Polymer 42a has a weight-average molecular weight (Mw) of 45,000 and a 
number-average molecular weight (Mn) of 20,000. The molecular weights of 42b were 
99,000 and 36,000, and 42c had molecular weights of 102,000 and 39,000. The 
polydispersity index for these polymers are comparable to polyesters in general and are 
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2.25 for 42a, 2.75 for 42b, and 2.61 for 42c. The intrinsic viscosities for each film were 
measured in NMP at 30°C. The results are show in Table 10.


















The DSC data for the glass transition temperatures are reported after an initial 
scan in nitrogen to 200°C. DSC analyses of the polymers 42a-c revealed Tgs of 331°C, 
336°C (Figure 43), and >400°C respectively. TGA analysis of the polymers 42a (Figure 
44) and 42c showed 5% weight loss at 515°C and 535°C in nitrogen, respectively. TGA 
analysis of polymer 42a (Figure 45) showed 5% weight loss above 360°C and above 
405°C in helium. Table 11 compares the thermal properties of the polymers.
Table 11. Thermal Properties of Polyesters.




FCHPE  42a 331 405 360
FADPE  42b 336 460 400
















37 (43a) 39 (43b) 28 (43c)
FCHPE-EC FADPE-EC FDAPE-EC
Polymers with endcaps were also synthesized in order to obtain lower PDI’s. For 
comparison, the solution and thermal properties of the polyesters with the attached 
adamantoyl endgroup are also shown (Table 12). Figures 46, 47 and 48 show the GPC 
data for the endcapped polymers. Endcaps are added in order to obtain a more narrow 
molecular weight distribution. However, for polymers 43a-c the PDI’s were higher than 




Td (°C) 5% 
wt loss     


















>400 445  400
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for the non endcapped polymers. This can be due to the fact that the stoichiometry must 
be slightly off the 1:1 ratio in order to incorporate the endcaps. In general, the properties 
of the endcapped polyesters are quite similar to those of the polyesters without the 
endcaps.
The electrical properties (dielectric constant, dissipation, and dielectric strength) 
of polymers 42a-c were investigated. Thick (~70µm) freestanding films of polymer 42a-c 
were cast from chloroform and the dielectric constant for each polymer was measured as 
a function of frequency from 1 Hz to 1 MHz (Figure 49; Tables 16, 17, and 18). At 1 
kHz, the dielectric constant of 42a was measured to be 3.3. Polymer 42b has a slightly 
lower dielectric constant of 2.5, and 42c has a dielectric constant of 2.9. The dielectric 
constant of many polymeric materials is usually around 2 to 4. Some very polarizable 
polymers such as poly(vinylidene fluoride) (PVDF) can have a dielectric constant as high 
as 7.7. We would expect the dielectric constant to decrease with the incorporation of wide 
band gap materials such as the diamondoids since these groups are not very polarizable. 
The dielectric constant of FPE is 3.3; this is the same value when the benzene ring is 
replaced by cyclohexane. We do observe the decrease in dielectric constant when the 
adamantane and diamantane groups are present.
The dissipation factor was measured on metallized thin films (6-7µm) using the 
architecture shown in Figure 5. This was also measured as a function of frequency from 
1 Hz to 1 MHz (Figure 50; Tables 19, 20, and 21). At 1 kHz the dissipation factor of 
42a, 42b, and 42c were 3.3×10-3, 3.6×10-3, and 1.4×10-3 respectively. These dissipation 
factor values are similar to FPE (0.3%).
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The dielectric strength of the polymer is determined by applying a voltage to the 
dot and measuring the current at that voltage. If the capacitor is functioning, then no 
current will be measured since the energy is being stored in the capacitor. Once a current 
is measured then breakdown has occurred and the capacitor is no longer able to store 
charge. By plotting the current vs. voltage, called I-V graphs, we can clearly see that a 
catastrophic process occurs. The voltage at which this breakdown occurs is the 
breakdown voltage. The breakdown voltage was measured over several spots on the 
polymer films and I-V graphs were generated. Figures 51 (Table 22), 52 (Table 23) and, 
53 (Table 24) depict the I-V graphs for polymer 42a, Figures 54 (Table 25), 55 (Table 
26), 56 (Table 27), 57 (Table 28), and 58 (Table 29) depict the I-V graphs for polymer 
42b, and Figures 59 (Table 30), 60 (Table 31), 61 (Table 32), 62 (Table 33), 63 (Table 
34), 64 (Table 35), and 65 (Table 36) show the I-V graphs for polymer 42c. The average 
breakdown voltage was determined and divided by the thickness of the polymer film in 
order to determine the dielectric strength. The polyester incorporating the cyclohexyl unit 
had a dielectric strength of 360 V/µm. Polymer 42b had a slightly lower dielectric 
strength of 350 V/µm, and the polymer incorporating 4,9-diamantane unit 42c had the 
highest average breakdown strength, measured to be 565 V/µm.
A 5.6 µm film of 42a FCHPE was able to withstand an applied field of 2397 V, 
this corresponds to a breakdown voltage of 428 V/µm. The 42b FADPE was 5.8 µm 
film, reached its maximum applied field at 2204 V or 380 V/µm. Polymer 42c FDAPE
had the highest breakdown strength of 656 V/µm at a thickness of 6.4 µm. Breakdown 
was not reached until 4200 Volts. There are numerous reasons for a lower breakdown 
voltage to be observed in films such as dust particles in the film or poor processing. 
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However, there are no ready explanations for a higher breakdown voltage to be 
measured. The highest breakdown strength attained is usually a better measurement of a 
polymer’s overall potential for use as a dielectric material. The average breakdown 
strength can be made to approximate the maximum by improving processing conditions 
such as work in clean room environment. 
In order to obtain the energy density the values for dielectric constant and 
dielectric strength for each polymer were placed into equation 3. The energy density and 
a summary of the electrical properties for each polymer are shown in Table 13. 
Table 13. Electrical Properties of End-Capped Polyesters.
Polymer Film Average Breakdown Voltage
V/               10-6 V/cm
Dissipation 







42a FCHPE 360 3.6 3.3 x 10-3 3.3 1.9
42b FADPE 350 3.5 3.6 x 10-3 2.5 1.35
42c FDAPE 565 5.65 1.4 x 10-3 2.9 4.1
The polyester incorporating 4,9-diamantane unit has the highest breakdown 
strength and material energy density. These research findings suggest a potential for 
enhanced energy storage capability in polymer dielectrics incorporating higher order 
diamondoids such as triamantane and tetramantanes.
The next area of this research was to study the effect of adding a 
benzocyclobutene thermoset into polymers 42a-c to act as a thermal crosslinking agent 
and reduce voids and free space. Before compound 32 was added to the polymer, the 
temperature at which the crosslinking reaction occurs first has to be determined. Figure 
66 is a DSC scan of 32. This Cyclotene has a Tg of -25°C. The blue curve shows that at 
225°C an exothermic process occurs. This is the beginning of the cross linking reaction. 
In order to ascertain that a complete reaction of 32 had occurred, a DSC scan was run a 
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third time. During this third run (green curve in Figure 66), no exothermic reaction 
occurred. This demonstrates that 32 underwent complete reaction.
Compound 32 was dissolved in chloroform and added to a solution of 42a in 
chloroform to give a 5 wt. % solution of compound 32. This was then cast into a thin film 
and analyzed using modulated differential scanning calorimetry (MDSC). Figure 67
shows that at 225°C an exothermic reaction takes place in the uncured polymer film. The 
thermally driven cross linking reaction of 32 is found to occur when it is dispersed in the 
polymer film.
A DSC was also performed on a cured and uncured sample of 42c (Figure 68) in 
order to compare the extent of crosslinking in the polymer films. The initial scan of the 5 
wt.% 32 in 42c shows that the crosslinking reaction again occurs at 225°C. The rescan 
shows that no further reaction occurred at 225°C. Another 5 wt% film was made and 
cured at 225°C for 24 hours under a dry nitrogen flow. This sample was then scanned. 
The DSC scan shows that no additional reaction takes place since complete crosslinking 
had occurred during the curing process.
Thermogravimetric analyses were performed on the uncured and cured films of 
42c in air and in nitrogen (Figure 69). The uncured film shows a small monomer loss in
the 200-300 C̊ region; the pre-cured film is more thermally stable in this region.
The electrical properties of polymer 42a incorporating 5 wt % of 32 before curing 
and after curing were investigated in order to study the effect the thermoset may have on 
the dielectric constant, dissipation, and the dielectric strength. The dielectric constant of 
polymer 42a and polymer 42a with the addition of 32 is shown in Figure 70. The 
dielectric constant is not changed by the incorporation and cure of the thermoset it 
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remains around 3.3. This is what we would expect since compound 32 constitutes only a 
small percent of the entire dielectric material. The dissipation, on the other hand, changes 
dramatically with the addition and cure of the crosslinking agent (Figure 71; Table 37 
and 38). Polymer 42a has dissipation factor of 3.3 ×10-3 at 1kHz. When 32 is 
incorporated there is a slight decrease in dissipation, but it is not a significant change. 
Following the curing of 32 in 42a the dissipation jumps dramatically to 8.3×10-3 at 1kHz. 
Such an increase in dissipation factor is expected when a dielectric material becomes 
highly cross-linked. The increase in dissipation factor of a polymer dielectric with 
crosslinks relative to a flexible polymer chain can be explained by the different dielectric 
relaxation process that occurs in the polymer. Dielectric relaxation is the lag in dipole 
orientation behind an alternating electric field. A dipole attached to a stiff chain tends to 
reorient with more difficulty than a dipole attached to a relatively flexible chain. In other 
words, the rotary motion of the molecules is not sufficiently rapid for the attainment of 
equilibrium with the applied field (frequency). The polarization then acquires a 
component out of phase with the field, resulting in thermal dissipation of energy and thus 
higher dielectric loss or dissipation.46
The dielectric strength was investigated for 42a with 5% of 32 before curing and 
after curing. The uncured polymer sample had a dramatically reduced breakdown voltage 
compared to 42a when no thermoset was added. The deleterious effect of the 32 may be 
due to the dispersion of the small molecules which may act as a plasticizer and cause 
more defect sites in the polymer. When polymer 42a is cured (Figure 72 (Table 39, 40), 
Figure 73 (Table 41), and Figure 74 (Table 42) there is an increase in dielectric strength 
compared to 42a with no cured thermoset due to the reduction in defect sites and free 
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volume in the film. The electrical data for polymer 42a, 42a before and after curing is 
summarized in Table 14.




V/µm       MV/cm
Dissipation 
Factor @ 1kHz        
×103
42a FCHPE 366 3.66 3.3
42a FCHPE + 5% 32 (uncured) 170 1.7 1.2
42a FCHPE + 5% 32 (cured) 414 4.14 8.3
The Cyclotene® 32 was then added to the polymers 42b-c and the dissipation and 
dielectric strength was determined before and after curing. All three polymers 42a-c
showed a significant increase in dissipation factor following the addition and cure of 32
(Figure 75; Tables 43 and 44). The cured polymers were then analyzed for their 
dielectric strength. The I-V graphs showing breakdown for 42b with cured 32 are 
depicted in Figures 76 (Table 45), 77 (Table 46), 78 (Table 47), and 79 (Table 48), and 
Figures 80 (Table 49), 81 (Table 50), 82 (Table 51), 83 (Table 52), and 84 (Table 53)
correspond to 42c. Table 15 summarizes the dissipation and dielectric strength observed 
in the pristine and cured polymer films.




Max.       Average
Dissipation 
Factor @ 1kHz      
×103
42a FCHPE 428 366 3.3
 42a FCHPE + 5% 32 (Cured) 460 414 8.3
42b FADPE 380 350 3.6
42b FADPE + 5% 32 (Cured) 500 423 1.0
42c FDAPE 666 565 1.4
42c FDAPE + 5% 32 (Cured) 762 654 14
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In general, the addition of the Cyclotene 32 followed by cure in N2 for 24 hours at 
225°C resulted in an increase in the dielectric strength when compared to the pristine 
polymer. However, there is also an associated increase in the dissipation factor.
The fracture morphology of the uncured and cured 42c FDAPE films was studied 
using scanning electron microscopy (SEM) (Figures 12 and 13 respectively). Besides 
micro-voids, the oval-shaped domains observed in the uncured film are typical of phase 
aggregation due to the uncured thermoset domains. In the cured film morphology, the 
aggregated domains are absent and there is an apparent reduction in the number of micro-
voids as well. Results show that the increase in film dielectric strength of the cured 
Figure 12. Morphology of 42a +5% 32 (uncured). 
Figure 13. Morphology of 42a +5% 32 (cured).
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sample can be attributed to the reduction of micro-defects upon curing. More extensive 
morphological studies such as surface topography using AFM (Atomic Force 
Microscopy) are needed to characterize defects on the surface of the dielectric films in 
the uncured as well as cured states.
The mechanistic basis of partial discharge breakdown is considered to be the 
limiting factor preventing the maximum attainable dielectric breakdown voltage of a 
metallized polymer film capacitor. Extrinsically, these micro-defects (voids, pin-holes 
etc.) in films can cause such a failure. The incorporation of a thermoset monomer 
followed by curing demonstrates an enhancement in the dielectric strength of the three 
metallized cured composite films in this research.
While the phenomenon of self-healing has been studied for metallized 
polypropylene film capacitors, few, if any, describe such studies on other polymer films. 
Self healing refers to the clearing of defect sites in the polymer that have lower 
breakdown strength such as voids or trapped pockets of a gas. Thinner films were needed 
to observe the self healing phenomena. Instead of casting free standing films, spin-coated 
films were used for this portion of the research. Thin films were fabricated from 2.5 wt % 
and 5 wt % solutions of the 43b FADPE-EC polymer in chlorobenzene. Based on the 
concentration and spinning speeds, different spin-coated thin films with thicknesses 
ranging from 280 nm to 800 nm (0.28-.80 m) were fabricated on an aluminum coated 
(bottom electrode, evaporated to a thickness of 400 Ǻ or 1000 Ǻ) glass slides, previously 
cleaned in a multi-step process involving a number of organic solvents. The thickness of 
the spin-coated films was measured with a Tencor P-10 surface profiler. The top 
aluminum electrode was thermally evaporated on to the dielectric film to a thickness of 
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300 Ǻ. Due to the very thin nature of these samples the previous “dot” architecture was 
not suitable for obtaining accurate breakdown data, because the probes can easily pierce 
the aluminum and polymer layers. To solve this problem a new criss-crossed pattern was 
developed. This new pattern is depicted in Figure 14. The connections to the electrodes 





Figure 14. Spin Coated Film Capacitor Architecture.
The dielectric constant for 42a FCHPE, 42b FADPE, and 42c FDAPE were all 
measured as bulk dielectric constants from the thick (70-80 μm) free standing films. In 
order to determine the dielectric constant for the metallized spin coated film of 43b, 






Here d is the sample thickness, C is the average capacitance, A is the sample area which 
is 8.038 ×10-6m2, and ε0 is the permittivity of free space (8.85 ×10-12 Farads/m). The 
calculated dielectric constant was plotted vs. frequency (Figure 85; Table 54) as well as 
the dissipation (Figure 86; Table 55). The calculated dielectric constant for the 
metallized spin coated film 43b at 1 kHz (3.67) is higher than the measured value (2.5) 
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from the thick unmetallized free standing film, and the dissipation is slightly lower. Since 
the dielectric constant is a function of the thickness and error in thickness measurement 
will alter the dielectric constant. The thickness of the spin coated film used in this 
experiment was 0.31µm.
The dielectric strength was measured by applying a voltage to the capacitor at a 
rate of 2V/2s up to 350V. Breakdown occurred at a dielectric strength of 7.8MV/cm for a 

















Figure 15. I-V Graph of 43b FADPE-EC.
The continuous surges of current in Figure 15 show a uniform occurrence of 
clearing until breakdown. These were observed as flashes of light. At breakdown, a 
cascade of clearing events occur and the capacitor fails. After breakdown, the films were 
studied under a microscope. The micrographs (Figure 16) show the vaporization of the 
polymer along with the aluminum electrode during the breakdown process. We see a 
broad distribution of “cleared” site up to 30µm wide. 
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Figure 16. Micrographs of 43b FADPE-EC After Breakdown.
The I-V characteristics were also monitored in steps, with a sequential increase in 
the highest voltage that was applied across the electrodes (Figure 17). Each localized 






























Figure 17. I-V Graph of 43b FADPE-EC with Sequential Increase in Voltage.
surges in the measured current.
The clearing of many defect sites is observed in the first I-V scan up to an applied 
voltage of 100 V. Somewhat pronounced spikes are observed only above 100 V in the 
next I-V scan conducted in the 0-150 V range, indicating that the clearing events have a 
hierarchical trend in step with the magnitude of the applied voltage. The subsequent I-V 
scan conducted up to a higher maximum voltage of 170 V resulted in a catastrophic 
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failure of the device after several observed surges in the current in the higher voltage 
range, causing the connection to be lost.
The clearing process was quantified by measuring the capacitance of the capacitor 
after a voltage less than the breakdown voltage was applied. The capacitance was then 
remeasured. This was continued until there was no longer a capacitance. The results are 



































Figure 18. Capacitance Measurements of 43b FDAPE-EC After Clearing.
The measured capacitance after the first I-V scan up to 100V is 0.58 nF, slightly 
smaller than that of the initially measured capacitance of 0.62 nF, representing a 
capacitance loss of about 7 %. This demonstrates that the localized breakdown events do 
not cause a significant loss in capacitance. The capacitance after the second I-V scan up 
to 150 V, shows a further diminution in capacitance, down to 0.5 nF, a 20 % decrease 
from the initial capacitance. All these values are compared at a frequency of 1 MHz . A 
rescan in the same voltage range (0-150 V) shows that the capacitance is virtually 
unchanged indicating that no significant self-healing events have occurred after the 'pre-
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clearing' of the defects in the same voltage range. The subsequent I-V scan up to 170 V 
(Figure 83), was found to result in the failure of the device, indicated by a loss in 
Figure 19. Photo of polymer after 100 V.        Figure 20. Photo of polymer after 150 V.
Figure 21. Photo of polymer after 150 V 2x     Figure 22. Photo of polymer after 170 V.
capacitance by nearly three orders of magnitude.  The main cause for the loss in
capacitance is the decrease in area due to the localized pyrolysis of the polymer dielectric 
along with the vaporization of the electrode layer. Figures 19, 20, 21, and 22 are 
photographs that show the loss of area due to localized breakdown events.
These self-clearing investigations show that the localized breakdown or 
‘discharge’ events do not cause a significant loss in capacitance, catastrophic breakdown 
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was indicated by a precipitous loss in capacitance (device failure). Pre-clearing enhances 
the film tolerance to applied stress and can lead to higher breakdown strength for 
metallized polymer film capacitors.
CONCLUSIONS
A series of fluorene polyesters containing cycloaliphatic groups were successfully 
synthesized and the electrical properties were investigated. The incorporation of 
cycloaliphatic hydrocarbon units, termed diamondoids, into the backbone of FPE 1 was 
able to increase the dielectric strength and the energy density of the fluorenyl polyester 
while maintaining its high temperature capability. The polyester incorporating the 4,9-
diamantyl group exhibited the highest dielectric strength of 543 V/μm. The current 
findings suggest a potential for enhanced energy storage capability in polymer dielectrics 
by incorporating the higher order diamondoids such as triamantane or tetramantane.  A 
dispersion followed by cure of a thermoset polymer may be another viable approach to 
achieve an increase in dielectric strength of a polymer, however at the expense of the 
dissipation factor. The ability to undergo self healing with the application of an applied 
voltage was also observed by a small loss in capacitance. Pre-clearing may enhance the 




















     Figure 23. IR Spectrum of 37.
ppm (f1)
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Figure 27. 1H NMR Spectrum of 39.
ppm (f1)
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     Figure 29. IR Spectrum of 28.
ppm (f1)
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Figure 33. 1H NMR Spectrum of 2.
ppm (f1)
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Figure 37. 1HNMR Spectrum of 42a FCHPE.








Figure 39. 1HNMR Spectrum of 42c FDAPE.






Figure 41. 13C NMR Spectrum of 42b FADPE.
Figure 42. 13C NMR Spectrum of 42c FDAPE.
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     Figure 46. GPC of Polymer 43a FCHPE-EC. 
Refractive Index Chromatogram
vn1 RI

















Run Date: Thu Oct 27 2005
Analyst: EF
Run Conditions
Solvent: NMP/0.5 % LiBr
Columns: Polymer Labs PL Gel
Inj. Vol.: 100.0 uL
Concentration: 3.000 mg/mL
Flowrate: 0.800 mL/min




Pd:   2.88
   Conventional Calibration Summary Report   
IVn:  NC dL/g
IVw: NC dL/g
IVz:  NC dL/g
Rgn:  NC nm
Rgw: NC nm
Rgz:  NC nm
% Below 10,000: 
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Figure 47. GPC of Polymer 43b FADPE.
Figure 48. GPC of Polymer 43c FDAPE.
Refractive Index Chromatogram
vn2 RI
















Run Date: Thu Oct 27 2005
Analyst: EF
Run Conditions
Solvent: NMP/0.5 % LiBr
Columns: Polymer Labs PL Gel
Inj. Vol.: 100.0 uL
Concentration: 3.000 mg/mL
Flowrate: 0.800 mL/min




Pd:   2.66
   Conventional Calibration Summary Report   
IVn:  NC dL/g
IVw: NC dL/g
IVz:  NC dL/g
Rgn:  NC nm
Rgw: NC nm
Rgz:  NC nm
% Below 10,000: 
























Run Date: Thu Oct 27 2005
Analyst: EF
Run Conditions
Solvent: NMP/0.5 % LiBr
Columns: Polymer Labs PL Gel
Inj. Vol.: 100.0 uL
Concentration: 3.000 mg/mL
Flowrate: 0.800 mL/min




Pd:   3.95
   Conventional Calibration Summary Report   
IVn:  NC dL/g
IVw: NC dL/g
IVz:  NC dL/g
Rgn:  NC nm
Rgw: NC nm
Rgz:  NC nm
% Below 10,000: 
































Figure 49. Dielectric Constant of Polyesters 42a-c.













3.3157 12.2421 3.303 821.729 3.2881 55157.5
3.33232 16.5328 3.30148 1109.74 3.28095 74489.6
3.32415 22.3274 3.40114 1498.68 3.26397 100597
3.32887 30.1529 3.2955 2023.96 3.25359 135856
3.33305 40.7212 3.29301 2733.34 3.271 183472
3.38204 54.9935 3.3047 3691.34 3.25123 247776
3.374 74.2681 3.29591 4985.13 3.24351 334619
3.30315 100.292 3.29103 6732.36 3.22293 451900
3.29665 135.449 3.2995 9091.98 3.21748 610285
3.31863 247.033 3.2805 12278.6 3.182 824183
3.31671 333.623 3.28397 22394 3.16695 1.11E+06
3.30971 450.551 3.2738 30242.8
3.31032 608.468 3.25599 40842.6
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2.612 20 2.496 800 2.461 30000
2.521 25 2.495 1000 2.457 40000
2.498 30 2.494 1200 2.454 50000
3.066 40 2.493 1500 2.452 60000
2.197 50 2.491 2000 2.448 80000
3.835 60 2.490 2500 2.446 100000
2.498 80 2.488 3000 2.443 120000
2.506 100 2.485 4000 2.441 150000
2.534 120 2.483 5000 2.438 200000
2.493 150 2.481 6000 2.436 250000
2.500 200 2.478 8000 2.434 300000
2.500 250 2.475 10000 2.431 400000
2.503 300 2.473 12000 2.429 500000
2.497 400 2.470 15000 2.428 600000
2.497 500 2.466 20000 2.429 800000
2.497 600 2.463 25000 2.430 1000000













3.20346 13.659 3.10999 689.516 3.07934 34807.6
3.15368 17.7403 3.07594 895.537 3.19426 45208.1
3.04591 23.041 3.05079 1163.13 3.15839 58716.2
3.01048 29.9257 3.03584 1510.68 3.08948 76260.6
3.07737 38.8674 3.02844 1962.06 3.0473 99047.2
3.04581 50.481 3.09214 2548.33 3.04191 128642
3.15341 65.5647 3.06355 3309.77 3.05421 167080
3.08317 85.1553 3.04341 4298.72 3.17317 217004
3.07664 110.595 3.02369 5583.17 3.10496 281844
3.04364 143.645 3.01258 7251.42 3.24668 366059
3.11279 186.567 2.98044 9418.14 3.22302 475437
3.0991 242.307 3.20535 12232.3 3.13061 617497
3.06443 314.717 3.27822 15887.3 3.07188 802005
3.1925 408.746 3.11438 20634.3 2.97284 1.04E+06




















Figure 50. Dissipation Factor of Polyesters 42a-c.
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  Table 19. Dissipation Factor Data for 42a FCHPE.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 avg.
20 9.10E-05 -4.20E-03 -2.59E-03 3.86E-04 -9.69E-03 -6.12E-03 -5.35E-03 -2.43E-03 -2.35E-03 -2.87E-03 -3.51E-03
25 -8.38E-03 -6.25E-03 -8.76E-03 -7.60E-03 -7.85E-03 -6.92E-03 -5.46E-03 -8.59E-03 -5.59E-03 -9.84E-03 -7.52E-03
30 2.51E-03 3.51E-04 -6.70E-04 -3.95E-03 -1.67E-03 -4.52E-05 -3.62E-03 -2.46E-03 -8.49E-04 1.95E-03 -8.46E-04
40 9.75E-04 -6.23E-03 4.25E-03 3.11E-03 -9.53E-03 3.23E-04 9.17E-02 -1.46E-02 6.14E-03 -1.16E-02 6.45E-03
50 5.98E-03 3.51E-03 3.26E-03 3.01E-03 2.85E-03 3.59E-03 1.17E-03 -8.54E-04 2.61E-03 5.26E-03 3.04E-03
60 1.81E-02 5.43E-02 4.72E-02 1.60E-02 1.07E-02 5.84E-02 1.05E-02 5.61E-02 5.53E-02 4.11E-02 3.68E-02
80 4.06E-03 3.27E-03 -2.97E-04 3.75E-03 1.52E-03 -1.11E-03 2.07E-03 2.37E-03 1.90E-03 1.27E-03 1.88E-03
100 -1.21E-03 -9.83E-04 -1.23E-03 -1.61E-03 -5.53E-04 -1.51E-03 -1.14E-03 -7.94E-04 -8.45E-04 -1.31E-03 -1.12E-03
120 -1.96E-04 -2.12E-04 6.44E-05 -3.41E-03 -1.62E-04 -3.84E-03 5.12E-03 -1.64E-03 -1.01E-03 -2.80E-03 -8.08E-04
150 4.86E-04 3.69E-04 -1.71E-04 3.47E-05 4.27E-04 1.04E-03 1.17E-04 4.29E-03 6.74E-04 -1.04E-04 7.16E-04
200 7.97E-04 6.78E-04 6.48E-04 7.64E-04 9.35E-04 1.13E-03 9.80E-04 4.67E-03 1.30E-03 8.95E-04 1.28E-03
250 1.37E-03 1.36E-03 1.15E-03 1.51E-03 1.49E-03 1.49E-03 1.68E-03 8.87E-03 1.84E-03 1.44E-03 2.22E-03
300 1.35E-03 1.78E-03 1.48E-03 1.41E-03 1.64E-03 1.52E-03 1.26E-03 3.93E-03 2.16E-03 1.49E-03 1.80E-03
400 2.06E-03 1.99E-03 2.00E-03 1.95E-03 2.00E-03 2.11E-03 2.13E-03 3.04E-03 2.47E-03 2.11E-03 2.19E-03
500 2.14E-03 2.18E-03 2.09E-03 2.13E-03 2.24E-03 2.30E-03 2.14E-03 5.01E-03 2.48E-03 2.08E-03 2.48E-03
600 2.63E-03 2.65E-03 2.52E-03 2.50E-03 2.64E-03 2.80E-03 2.56E-03 9.64E-02 3.00E-03 2.57E-03 1.20E-02
800 2.94E-03 2.94E-03 2.88E-03 2.89E-03 3.07E-03 3.08E-03 2.90E-03 3.31E-02 3.36E-03 2.89E-03 6.00E-03
1000 3.28E-03 3.29E-03 3.25E-03 3.25E-03 3.39E-03 3.41E-03 3.26E-03 3.26E-03 3.63E-03 3.24E-03 3.33E-03
1200 3.64E-03 3.63E-03 3.61E-03 3.56E-03 3.72E-03 3.73E-03 3.59E-03 2.81E-02 3.98E-03 3.60E-03 6.12E-03
1500 4.03E-03 4.01E-03 3.97E-03 3.93E-03 4.09E-03 4.17E-03 3.97E-03 1.93E-02 4.40E-03 3.95E-03 5.58E-03
2000 4.57E-03 4.57E-03 4.53E-03 4.50E-03 4.64E-03 4.69E-03 4.48E-03 1.34E-02 4.91E-03 4.49E-03 5.48E-03
2500 4.97E-03 5.00E-03 4.94E-03 4.90E-03 5.05E-03 5.11E-03 4.86E-03 1.06E-02 5.34E-03 4.90E-03 5.56E-03
3000 5.33E-03 5.32E-03 5.28E-03 5.24E-03 5.38E-03 5.46E-03 5.21E-03 1.88E-02 5.66E-03 5.24E-03 6.69E-03
4000 5.82E-03 5.79E-03 5.79E-03 5.71E-03 5.86E-03 5.94E-03 5.68E-03 1.22E-01 6.18E-03 5.69E-03 1.75E-02
5000 6.16E-03 6.19E-03 6.11E-03 6.08E-03 6.25E-03 6.29E-03 6.05E-03 6.29E-03 6.55E-03 6.02E-03 6.20E-03
6000 6.43E-03 6.46E-03 6.40E-03 6.33E-03 6.47E-03 6.56E-03 6.28E-03 6.37E-03 6.78E-03 6.31E-03 6.44E-03
8000 6.79E-03 6.84E-03 6.75E-03 6.70E-03 6.85E-03 6.90E-03 6.65E-03 6.72E-03 7.16E-03 6.66E-03 6.80E-03
10000 7.01E-03 7.09E-03 6.96E-03 6.92E-03 7.05E-03 7.13E-03 6.88E-03 6.96E-03 7.37E-03 6.88E-03 7.03E-03
12000 7.12E-03 7.20E-03 7.07E-03 7.06E-03 7.19E-03 7.20E-03 6.96E-03 7.03E-03 7.47E-03 6.94E-03 7.12E-03
15000 7.30E-03 7.32E-03 7.20E-03 7.20E-03 7.31E-03 7.35E-03 7.10E-03 7.22E-03 7.62E-03 7.10E-03 7.27E-03
20000 7.47E-03 7.45E-03 7.36E-03 7.31E-03 7.43E-03 7.55E-03 7.25E-03 7.32E-03 7.75E-03 7.24E-03 7.41E-03
25000 7.48E-03 7.45E-03 7.37E-03 7.39E-03 7.48E-03 7.53E-03 7.28E-03 7.32E-03 7.79E-03 7.23E-03 7.43E-03
30000 7.52E-03 7.48E-03 7.40E-03 7.41E-03 7.52E-03 7.53E-03 7.31E-03 7.35E-03 7.81E-03 7.26E-03 7.46E-03
40000 7.54E-03 7.47E-03 7.37E-03 7.39E-03 7.48E-03 7.51E-03 7.26E-03 7.31E-03 7.77E-03 7.21E-03 7.43E-03
50000 7.54E-03 7.59E-03 7.43E-03 7.49E-03 7.56E-03 7.56E-03 7.37E-03 7.39E-03 7.80E-03 7.27E-03 7.50E-03
60000 7.51E-03 7.55E-03 7.41E-03 7.50E-03 7.54E-03 7.56E-03 7.34E-03 7.37E-03 7.78E-03 7.24E-03 7.48E-03
80000 7.55E-03 7.54E-03 7.44E-03 7.53E-03 7.54E-03 7.54E-03 7.32E-03 7.38E-03 7.73E-03 7.18E-03 7.47E-03
100000 7.57E-03 7.55E-03 7.45E-03 7.63E-03 7.61E-03 7.56E-03 7.34E-03 7.36E-03 7.71E-03 7.16E-03 7.49E-03
120000 7.61E-03 7.64E-03 7.52E-03 7.72E-03 7.64E-03 7.61E-03 7.40E-03 7.39E-03 7.73E-03 7.16E-03 7.54E-03
150000 7.02E-03 7.07E-03 7.63E-03 7.25E-03 7.09E-03 7.07E-03 7.51E-03 7.55E-03 7.87E-03 6.59E-03 7.27E-03
200000 7.09E-03 7.07E-03 7.00E-03 7.39E-03 7.07E-03 7.12E-03 6.91E-03 6.92E-03 7.20E-03 6.52E-03 7.03E-03
250000 7.07E-03 7.09E-03 6.99E-03 7.48E-03 7.11E-03 7.12E-03 6.93E-03 6.92E-03 7.19E-03 6.48E-03 7.04E-03
300000 7.13E-03 7.24E-03 7.00E-03 7.64E-03 7.16E-03 7.13E-03 6.99E-03 6.98E-03 7.17E-03 6.44E-03 7.09E-03
400000 7.70E-03 7.78E-03 7.54E-03 8.35E-03 7.70E-03 7.65E-03 7.62E-03 7.65E-03 7.72E-03 6.87E-03 7.66E-03
500000 7.82E-03 7.95E-03 7.69E-03 8.72E-03 7.84E-03 7.83E-03 7.91E-03 7.97E-03 7.92E-03 6.97E-03 7.86E-03
600000 7.86E-03 8.01E-03 7.74E-03 8.96E-03 7.86E-03 7.87E-03 8.07E-03 8.22E-03 7.96E-03 6.97E-03 7.95E-03
800000 8.00E-03 8.20E-03 7.82E-03 9.54E-03 8.03E-03 8.03E-03 8.53E-03 8.76E-03 8.18E-03 7.04E-03 8.21E-03
1000000 8.15E-03 8.33E-03 7.95E-03 1.01E-02 8.19E-03 8.17E-03 8.99E-03 9.33E-03 8.40E-03 7.14E-03 8.48E-03
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  Table 20. Dissipation Factor Data for 42b FADPE.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 avg.
20 -8.14E-03 2.35E-02 1.82E-02 -7.15E-03 1.82E-02 2.07E-02 1.18E-02 2.09E-02 -4.88E-03 1.04E-02 1.04E-02
25 4.89E-03 3.20E-03 2.62E-03 2.69E-03 4.64E-03 4.52E-03 5.71E-03 5.95E-03 2.38E-03 -9.28E-05 3.65E-03
30 -2.38E-04 1.32E-03 9.24E-04 -3.74E-04 2.00E-03 4.74E-04 3.15E-03 -9.94E-05 -2.46E-03 -5.84E-04 4.11E-04
40 -8.38E-02 4.92E-02 -1.10E-01 3.41E-02 -2.37E-01 -9.73E-02 -1.13E-01 -3.71E-02 4.54E-02 -5.57E-02 -6.04E-02
50 -6.60E-02 -2.20E-02 -3.81E-02 -4.04E-02 -4.63E-02 -5.13E-02 -4.05E-02 -4.92E-02 -5.00E-02 -4.05E-02 -4.44E-02
60 -2.51E-01 -4.57E-01 -4.07E-01 -4.08E-01 -4.21E-01 -2.47E-01 -5.66E-01 -4.37E-01 -5.67E-01 -4.23E-01 -4.18E-01
80 2.54E-03 3.07E-03 3.48E-03 2.38E-03 2.12E-03 3.70E-03 3.22E-03 3.01E-03 3.88E-03 2.32E-03 2.97E-03
100 4.48E-03 -7.13E-04 2.08E-03 -4.44E-04 5.69E-03 5.41E-03 5.70E-03 -3.58E-04 5.04E-03 -1.24E-04 2.67E-03
120 3.14E-02 -8.55E-03 -1.73E-02 -1.23E-02 -1.63E-02 2.03E-02 -1.18E-02 1.84E-02 1.37E-02 1.41E-02 3.17E-03
150 7.49E-03 7.96E-04 6.90E-03 1.69E-03 -5.35E-04 6.21E-03 6.71E-03 8.37E-05 4.12E-03 6.83E-03 4.03E-03
200 2.29E-03 2.96E-03 2.91E-03 2.41E-03 3.01E-03 2.98E-03 2.65E-03 2.39E-03 2.81E-03 2.89E-03 2.73E-03
250 2.43E-03 2.35E-03 2.83E-03 2.90E-03 2.76E-03 2.84E-03 2.57E-03 2.63E-03 2.51E-03 2.60E-03 2.64E-03
300 -2.68E-04 9.71E-04 1.07E-03 -7.20E-04 5.09E-03 8.79E-04 2.83E-03 2.60E-03 -1.40E-03 -4.76E-04 1.06E-03
400 2.19E-03 2.58E-03 2.56E-03 2.58E-03 2.77E-03 2.64E-03 2.69E-03 2.53E-03 2.78E-03 2.58E-03 2.59E-03
500 3.01E-03 3.23E-03 3.31E-03 3.27E-03 3.41E-03 3.14E-03 3.35E-03 3.26E-03 3.38E-03 3.29E-03 3.26E-03
600 3.03E-03 3.30E-03 3.31E-03 3.34E-03 3.49E-03 3.31E-03 3.48E-03 3.34E-03 3.33E-03 3.34E-03 3.33E-03
800 3.28E-03 3.53E-03 3.57E-03 3.59E-03 3.79E-03 3.50E-03 3.71E-03 3.59E-03 3.63E-03 3.65E-03 3.58E-03
1000 3.41E-03 3.53E-03 3.62E-03 3.68E-03 3.77E-03 3.58E-03 3.76E-03 3.70E-03 3.67E-03 3.71E-03 3.64E-03
1200 3.90E-03 4.08E-03 4.11E-03 4.21E-03 4.29E-03 4.03E-03 4.29E-03 4.19E-03 4.17E-03 4.17E-03 4.14E-03
1500 4.19E-03 4.34E-03 4.43E-03 4.39E-03 4.44E-03 4.32E-03 4.87E-03 4.45E-03 4.26E-03 4.33E-03 4.40E-03
2000 4.74E-03 4.87E-03 4.95E-03 5.05E-03 5.14E-03 4.89E-03 5.12E-03 5.02E-03 5.01E-03 4.98E-03 4.98E-03
2500 5.15E-03 5.26E-03 5.35E-03 5.43E-03 5.54E-03 5.27E-03 5.50E-03 5.42E-03 5.38E-03 5.37E-03 5.37E-03
3000 5.43E-03 5.57E-03 5.64E-03 5.73E-03 5.85E-03 5.58E-03 5.78E-03 5.72E-03 5.68E-03 5.66E-03 5.66E-03
4000 5.91E-03 6.02E-03 6.09E-03 6.16E-03 6.32E-03 6.02E-03 6.26E-03 6.16E-03 6.14E-03 6.10E-03 6.12E-03
5000 6.30E-03 6.39E-03 6.45E-03 6.56E-03 6.76E-03 6.41E-03 6.65E-03 6.54E-03 6.51E-03 6.47E-03 6.50E-03
6000 6.55E-03 6.64E-03 6.71E-03 6.79E-03 7.06E-03 6.67E-03 6.89E-03 6.78E-03 6.74E-03 6.73E-03 6.76E-03
8000 6.97E-03 7.03E-03 7.10E-03 7.17E-03 7.49E-03 7.05E-03 7.27E-03 7.15E-03 7.11E-03 7.11E-03 7.15E-03
10000 7.21E-03 7.26E-03 7.32E-03 7.39E-03 7.81E-03 7.27E-03 7.50E-03 7.39E-03 7.32E-03 7.35E-03 7.38E-03
12000 7.29E-03 7.38E-03 7.43E-03 7.53E-03 8.02E-03 7.38E-03 7.61E-03 7.51E-03 7.46E-03 7.46E-03 7.51E-03
15000 7.39E-03 7.55E-03 7.61E-03 7.79E-03 8.30E-03 7.55E-03 7.78E-03 7.74E-03 7.61E-03 7.64E-03 7.70E-03
20000 7.56E-03 7.71E-03 7.80E-03 7.89E-03 8.67E-03 7.72E-03 7.95E-03 7.88E-03 7.78E-03 7.80E-03 7.88E-03
25000 7.53E-03 7.73E-03 7.84E-03 7.92E-03 8.92E-03 7.78E-03 8.00E-03 7.91E-03 7.82E-03 7.85E-03 7.93E-03
30000 7.51E-03 7.78E-03 7.88E-03 7.96E-03 9.09E-03 7.83E-03 8.05E-03 7.96E-03 7.87E-03 7.90E-03 7.98E-03
40000 7.45E-03 7.75E-03 7.89E-03 7.98E-03 9.39E-03 7.83E-03 8.06E-03 7.98E-03 7.91E-03 7.92E-03 8.02E-03
50000 7.47E-03 7.78E-03 7.99E-03 8.05E-03 9.96E-03 7.91E-03 8.14E-03 8.07E-03 8.01E-03 8.00E-03 8.14E-03
60000 7.53E-03 7.71E-03 8.00E-03 8.08E-03 1.03E-02 7.91E-03 8.15E-03 8.08E-03 8.02E-03 8.00E-03 8.18E-03
80000 7.51E-03 7.71E-03 8.02E-03 8.14E-03 1.09E-02 7.94E-03 8.17E-03 8.10E-03 8.01E-03 8.03E-03 8.25E-03
100000 7.45E-03 7.68E-03 8.04E-03 8.16E-03 1.17E-02 7.96E-03 8.20E-03 8.12E-03 8.03E-03 8.08E-03 8.34E-03
120000 7.44E-03 7.58E-03 7.96E-03 8.12E-03 1.24E-02 7.95E-03 8.18E-03 8.11E-03 8.02E-03 8.06E-03 8.39E-03
150000 7.49E-03 7.71E-03 8.06E-03 7.61E-03 1.36E-02 8.06E-03 8.29E-03 7.58E-03 8.15E-03 8.19E-03 8.47E-03
200000 6.82E-03 7.03E-03 7.45E-03 7.69E-03 1.50E-02 7.44E-03 7.68E-03 7.63E-03 7.52E-03 7.59E-03 8.18E-03
250000 6.82E-03 7.03E-03 7.41E-03 7.73E-03 1.64E-02 7.45E-03 7.69E-03 7.67E-03 7.52E-03 7.61E-03 8.33E-03
300000 6.84E-03 7.12E-03 7.50E-03 7.79E-03 1.86E-02 7.50E-03 7.75E-03 7.75E-03 7.59E-03 7.69E-03 8.61E-03
400000 7.52E-03 7.61E-03 7.98E-03 8.32E-03 2.29E-02 7.98E-03 8.21E-03 8.26E-03 8.09E-03 8.20E-03 9.51E-03
500000 7.82E-03 7.91E-03 8.21E-03 8.57E-03 2.59E-02 8.22E-03 8.45E-03 8.53E-03 8.38E-03 8.49E-03 1.01E-02
600000 7.99E-03 7.99E-03 8.36E-03 8.68E-03 2.91E-02 8.33E-03 8.59E-03 8.64E-03 8.49E-03 8.61E-03 1.05E-02
800000 8.43E-03 8.35E-03 8.76E-03 9.08E-03 3.46E-02 8.65E-03 8.87E-03 9.05E-03 8.92E-03 8.99E-03 1.14E-02
1000000 9.00E-03 8.76E-03 9.23E-03 9.58E-03 4.13E-02 9.06E-03 9.23E-03 9.50E-03 9.32E-03 9.41E-03 1.24E-02
81
  Table 21. Dissipation Factor Data for 42c FDAPE.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 avg.
20 -2.39E-02 -2.19E-02 -4.66E-03 -1.15E-02 -7.82E-03 -1.81E-02 -7.06E-04 -1.60E-02 -1.58E-02 -2.64E-02 -1.47E-02
25 -2.08E-02 -1.63E-02 -9.18E-03 -9.12E-03 -1.21E-02 -1.29E-02 -9.44E-03 -1.43E-02 -1.13E-02 -2.66E-02 -1.42E-02
30 -1.12E-02 -1.48E-02 -6.52E-03 -1.49E-02 -8.42E-03 -5.14E-03 -9.83E-03 -1.59E-02 -2.35E-03 -1.19E-02 -1.01E-02
40 1.36E-01 -1.42E-02 4.86E-02 1.01E-01 6.16E-02 1.05E-01 1.06E-01 1.23E-02 -1.47E-02 9.03E-02 6.33E-02
50 -1.19E-02 -8.13E-03 -1.79E-02 -2.60E-02 -2.51E-02 -9.24E-03 -1.03E-02 -3.68E-02 -1.30E-02 -2.08E-02 -1.79E-02
60 -9.93E-03 -9.80E-02 2.45E-01 1.38E-01 -1.40E-01 -4.76E-02 2.64E-01 2.58E-01 2.06E-01 2.94E-01 1.11E-01
80 -4.43E-04 -3.71E-04 2.10E-04 -4.52E-04 -5.23E-04 -7.77E-04 1.98E-04 -2.03E-03 2.87E-04 -3.47E-03 -7.37E-04
100 2.51E-03 3.83E-04 2.21E-03 6.71E-04 -4.60E-05 8.70E-04 4.41E-04 1.55E-03 1.39E-03 -1.12E-03 8.85E-04
120 -8.75E-03 5.71E-03 4.48E-03 -1.24E-02 -3.84E-03 -1.78E-02 -8.01E-03 -1.85E-02 -4.86E-04 -1.82E-02 -7.78E-03
150 5.73E-03 3.85E-03 8.93E-04 1.66E-03 5.83E-03 -6.85E-04 4.85E-03 9.31E-04 4.75E-03 2.37E-03 3.02E-03
200 1.21E-03 -1.13E-03 -4.04E-04 -5.58E-04 -4.98E-04 5.27E-05 3.75E-04 -2.31E-03 1.75E-03 -1.21E-03 -2.73E-04
250 4.19E-03 2.19E-03 3.01E-03 2.16E-03 2.45E-03 2.99E-03 3.28E-03 2.52E-03 4.10E-03 2.66E-03 2.96E-03
300 6.45E-03 -1.45E-02 -1.28E-02 -3.67E-03 -3.55E-03 8.50E-03 8.01E-03 4.83E-03 9.96E-03 -7.77E-03 -4.52E-04
400 6.20E-03 4.83E-03 4.52E-03 4.87E-03 5.82E-03 5.53E-03 5.34E-03 5.78E-03 6.07E-03 6.00E-03 5.50E-03
500 4.65E-03 4.26E-03 4.45E-03 4.24E-03 4.68E-03 4.93E-03 4.88E-03 4.77E-03 6.05E-03 5.66E-03 4.86E-03
600 5.72E-03 5.06E-03 6.21E-03 4.94E-03 6.45E-03 6.35E-03 7.04E-03 6.49E-03 7.98E-03 6.81E-03 6.30E-03
800 5.03E-03 5.70E-03 5.86E-03 5.72E-03 6.23E-03 6.84E-03 6.58E-03 6.68E-03 7.91E-03 7.68E-03 6.42E-03
1000 4.74E-03 5.82E-03 6.10E-03 6.30E-03 6.49E-03 7.08E-03 6.79E-03 7.26E-03 7.94E-03 8.16E-03 6.67E-03
1200 4.95E-03 6.37E-03 6.92E-03 6.94E-03 7.32E-03 8.13E-03 7.78E-03 7.99E-03 8.95E-03 9.17E-03 7.45E-03
1500 5.41E-03 6.57E-03 7.39E-03 7.86E-03 7.18E-03 8.93E-03 8.54E-03 8.97E-03 9.25E-03 1.07E-02 8.08E-03
2000 4.89E-03 6.72E-03 6.95E-03 7.63E-03 7.35E-03 8.52E-03 8.27E-03 8.75E-03 9.15E-03 1.03E-02 7.85E-03
2500 5.00E-03 6.76E-03 6.87E-03 7.76E-03 7.21E-03 8.43E-03 8.07E-03 8.71E-03 8.98E-03 1.04E-02 7.82E-03
3000 5.47E-03 7.17E-03 6.21E-03 7.89E-03 7.78E-03 8.48E-03 8.01E-03 8.46E-03 8.83E-03 1.05E-02 7.88E-03
4000 5.07E-03 6.29E-03 6.00E-03 7.29E-03 6.41E-03 7.42E-03 6.96E-03 7.69E-03 8.01E-03 9.66E-03 7.08E-03
5000 4.95E-03 5.96E-03 5.47E-03 6.80E-03 5.84E-03 6.64E-03 6.15E-03 6.94E-03 7.23E-03 8.79E-03 6.48E-03
6000 4.82E-03 5.69E-03 5.12E-03 6.40E-03 5.40E-03 6.17E-03 5.54E-03 6.29E-03 6.55E-03 7.89E-03 5.99E-03
8000 4.49E-03 5.05E-03 4.28E-03 5.56E-03 4.41E-03 4.92E-03 4.29E-03 5.02E-03 5.24E-03 5.97E-03 4.92E-03
10000 4.24E-03 4.61E-03 3.76E-03 5.00E-03 3.74E-03 4.23E-03 3.52E-03 4.29E-03 4.32E-03 4.46E-03 4.22E-03
12000 4.15E-03 4.41E-03 3.57E-03 4.74E-03 3.45E-03 3.87E-03 3.10E-03 3.87E-03 3.86E-03 3.42E-03 3.84E-03
15000 3.82E-03 3.93E-03 3.18E-03 4.28E-03 2.99E-03 3.42E-03 2.60E-03 3.33E-03 3.31E-03 2.42E-03 3.33E-03
20000 3.54E-03 3.66E-03 2.92E-03 3.91E-03 2.68E-03 3.11E-03 2.28E-03 2.99E-03 2.92E-03 1.65E-03 2.97E-03
25000 3.42E-03 3.49E-03 2.80E-03 3.79E-03 2.60E-03 3.02E-03 2.19E-03 2.90E-03 2.85E-03 1.52E-03 2.86E-03
30000 3.28E-03 3.37E-03 2.70E-03 3.64E-03 2.53E-03 3.00E-03 2.18E-03 2.88E-03 2.82E-03 1.51E-03 2.79E-03
40000 3.15E-03 3.28E-03 2.69E-03 3.54E-03 2.57E-03 3.04E-03 2.24E-03 2.93E-03 2.91E-03 1.77E-03 2.81E-03
50000 3.39E-03 3.49E-03 2.95E-03 3.79E-03 2.86E-03 3.33E-03 2.53E-03 3.27E-03 2.99E-03 2.05E-03 3.06E-03
60000 3.43E-03 3.49E-03 3.01E-03 3.84E-03 2.93E-03 3.35E-03 2.61E-03 3.36E-03 3.33E-03 2.45E-03 3.18E-03
80000 3.45E-03 3.62E-03 3.15E-03 3.97E-03 3.11E-03 3.49E-03 2.77E-03 3.56E-03 3.50E-03 2.82E-03 3.34E-03
100000 3.55E-03 3.62E-03 3.27E-03 4.05E-03 3.26E-03 3.67E-03 2.99E-03 3.68E-03 3.68E-03 3.12E-03 3.49E-03
120000 3.57E-03 3.67E-03 3.33E-03 4.06E-03 3.33E-03 3.77E-03 3.07E-03 3.71E-03 3.77E-03 3.29E-03 3.56E-03
150000 3.81E-03 3.88E-03 3.59E-03 4.29E-03 3.57E-03 4.03E-03 3.34E-03 3.95E-03 4.04E-03 3.70E-03 3.82E-03
200000 3.79E-03 3.80E-03 3.59E-03 4.26E-03 3.56E-03 4.03E-03 3.41E-03 4.00E-03 4.06E-03 3.86E-03 3.83E-03
250000 4.00E-03 3.99E-03 3.80E-03 4.46E-03 3.76E-03 4.25E-03 3.66E-03 4.22E-03 4.29E-03 4.15E-03 4.06E-03
300000 4.19E-03 4.19E-03 4.05E-03 4.69E-03 4.03E-03 4.52E-03 4.01E-03 4.45E-03 4.60E-03 4.47E-03 4.32E-03
400000 4.63E-03 4.65E-03 4.53E-03 5.14E-03 4.53E-03 4.98E-03 4.49E-03 4.96E-03 5.07E-03 5.05E-03 4.80E-03
500000 4.94E-03 4.94E-03 4.96E-03 5.63E-03 4.85E-03 5.30E-03 4.87E-03 5.30E-03 5.39E-03 5.46E-03 5.16E-03
600000 5.24E-03 5.25E-03 5.07E-03 5.76E-03 5.12E-03 5.53E-03 5.14E-03 5.54E-03 5.71E-03 5.78E-03 5.41E-03
800000 5.65E-03 5.64E-03 5.53E-03 6.15E-03 5.55E-03 5.96E-03 5.61E-03 5.96E-03 6.13E-03 6.21E-03 5.84E-03






















     Figure 51. I-V Graph for FCHPE-Cap 1.













7.75E-01 1.14E-13 7.51E+02 7.73E-11 1.50E+03 1.05E-09
5.10E+01 2.49E-11 8.01E+02 3.50E-10 1.55E+03 9.62E-10
1.01E+02 3.35E-11 8.51E+02 3.12E-10 1.60E+03 1.20E-09
1.51E+02 3.74E-11 9.01E+02 1.72E-10 1.65E+03 1.41E-09
2.01E+02 2.78E-11 9.51E+02 4.61E-10 1.70E+03 1.22E-09
2.51E+02 2.20E-10 1.00E+03 7.55E-10 1.75E+03 1.38E-09
3.01E+02 2.41E-10 1.05E+03 7.64E-10 1.80E+03 1.40E-09
3.51E+02 9.51E-11 1.10E+03 4.50E-10 1.85E+03 1.37E-09
4.01E+02 3.12E-10 1.15E+03 1.09E-09 1.90E+03 1.51E-09
4.51E+02 2.58E-10 1.20E+03 6.73E-10 1.95E+03 2.25E-09
5.01E+02 3.50E-10 1.25E+03 8.75E-10 2.00E+03 4.29E-06
5.51E+02 3.03E-10 1.30E+03 2.16E-10 2.05E+03 5.93E-06
6.01E+02 4.79E-10 1.35E+03 1.55E-10 2.10E+03 5.57E-06
6.51E+02 2.72E-10 1.40E+03 1.42E-09























     Figure 52. I-V Graph for FCHPE-Cap 2.













8.10E-01 6.34E-13 6.01E+02 2.34E-10 1.20E+03 1.15E-09
5.10E+01 2.37E-11 6.51E+02 1.64E-10 1.25E+03 1.02E-09
1.01E+02 2.71E-11 7.01E+02 2.93E-10 1.30E+03 8.91E-10
1.51E+02 4.26E-11 7.51E+02 2.26E-10 1.35E+03 6.22E-10
2.01E+02 4.68E-11 8.01E+02 1.43E-10 1.40E+03 8.65E-10
2.51E+02 2.32E-10 8.51E+02 2.67E-10 1.45E+03 2.42E-10
3.01E+02 4.53E-11 9.01E+02 2.37E-10 1.50E+03 5.76E-08
3.51E+02 6.58E-11 9.51E+02 2.28E-10 1.55E+03 2.53E-09
4.01E+02 4.73E-10 1.00E+03 3.28E-09 1.60E+03 5.05E-07
4.51E+02 2.64E-10 1.05E+03 5.85E-10 1.65E+03 3.30E-10
5.01E+02 1.77E-10 1.10E+03 5.77E-10 1.70E+03 3.07E-06
























     Figure 53. I-V Graph for FCHPE-Cap 3.













7.83E-01 7.26E-13 9.01E+02 3.20E-10 1.80E+03 4.60E-10
5.10E+01 2.35E-11 9.51E+02 2.89E-10 1.85E+03 4.07E-10
1.01E+02 1.78E-11 1.00E+03 1.84E-10 1.90E+03 6.15E-10
1.51E+02 2.38E-11 1.05E+03 6.14E-10 1.95E+03 5.99E-10
2.01E+02 3.29E-11 1.10E+03 6.15E-10 2.00E+03 5.59E-10
2.51E+02 6.20E-11 1.15E+03 6.84E-10 2.05E+03 3.15E-10
3.01E+02 1.40E-10 1.20E+03 6.68E-10 2.10E+03 1.20E-09
3.51E+02 7.06E-10 1.25E+03 6.98E-10 2.15E+03 4.11E-09
4.01E+02 4.52E-10 1.30E+03 7.20E-10 2.20E+03 2.97E-10
4.51E+02 2.83E-10 1.35E+03 9.16E-10 2.25E+03 3.43E-10
5.01E+02 8.74E-11 1.40E+03 6.37E-10 2.30E+03 4.35E-10
5.51E+02 2.12E-10 1.45E+03 4.80E-10 2.35E+03 9.98E-10
6.01E+02 1.47E-10 1.50E+03 7.30E-10 2.40E+03 2.43E-10
6.51E+02 1.76E-10 1.55E+03 7.15E-10 2.45E+03 4.23E-07
7.01E+02 2.13E-10 1.60E+03 8.38E-10 2.50E+03 9.48E-10
7.51E+02 2.65E-10 1.65E+03 1.13E-09 2.55E+03 6.15E-10
8.01E+02 2.70E-10 1.70E+03 3.81E-10 2.60E+03 7.32E-10























     Figure 54. I-V Graph for FADPE-Cap 1.













1.03E+00 7.67E-13 4.99E+02 7.48E-11 1.00E+03 1.66E-07
5.08E+01 5.20E-11 5.48E+02 9.02E-11 1.05E+03 5.31E-11
1.01E+02 6.15E-11 5.98E+02 1.66E-10 1.10E+03 4.34E-10
1.50E+02 4.15E-11 6.48E+02 3.04E-10 1.15E+03 7.40E-11
2.00E+02 7.28E-11 6.98E+02 2.72E-10 1.20E+03 1.77E-06
2.50E+02 8.37E-11 7.48E+02 1.58E-08 1.25E+03 3.30E-06
3.00E+02 2.21E-10 7.97E+02 8.20E-10 1.30E+03 3.55E-06
3.50E+02 5.10E-11 8.51E+02 4.49E-10 1.35E+03 3.52E-06
3.99E+02 6.00E-11 9.01E+02 5.07E-10 1.40E+03 3.73E-06
























     Figure 55. I-V Graph for FADPE-Cap 2.













5.17E-02 1.72E-11 7.48E+02 2.45E-10 1.50E+03 2.72E-10
5.08E+01 1.74E-10 7.97E+02 2.63E-10 1.55E+03 9.44E-10
1.01E+02 9.86E-11 8.51E+02 6.92E-10 1.60E+03 9.23E-10
1.50E+02 1.25E-10 9.01E+02 2.72E-10 1.65E+03 8.14E-10
2.00E+02 1.54E-10 9.51E+02 2.75E-10 1.70E+03 1.08E-09
2.50E+02 1.39E-10 1.00E+03 1.03E-10 1.75E+03 1.01E-09
3.00E+02 1.49E-10 1.05E+03 1.57E-10 1.80E+03 1.28E-09
3.50E+02 1.49E-10 1.10E+03 9.05E-10 1.85E+03 9.59E-10
3.99E+02 1.47E-10 1.15E+03 4.18E-10 1.90E+03 1.69E-09
4.49E+02 1.67E-10 1.20E+03 6.68E-10 1.95E+03 1.46E-09
4.99E+02 2.23E-10 1.25E+03 1.17E-09 2.00E+03 2.84E-07
5.48E+02 2.57E-10 1.30E+03 8.00E-10 2.05E+03 6.68E-06
5.98E+02 5.68E-10 1.35E+03 9.68E-10 2.10E+03 8.44E-06
6.48E+02 2.95E-10 1.40E+03 1.02E-09 2.15E+03 8.97E-06




















     Figure 56. I-V Graph for FADPE-Cap 3.













7.70E-02 1.30E-11 7.48E+02 2.77E-10 1.50E+03 4.70E-10
5.08E+01 3.15E-11 7.97E+02 3.30E-10 1.55E+03 6.98E-10
1.01E+02 3.47E-11 8.47E+02 3.21E-10 1.60E+03 2.98E-10
1.50E+02 8.32E-11 9.01E+02 3.09E-10 1.65E+03 9.24E-10
2.00E+02 1.24E-10 9.51E+02 2.94E-10 1.70E+03 5.19E-10
2.50E+02 1.36E-10 1.00E+03 3.93E-10 1.75E+03 5.67E-10
3.00E+02 1.79E-10 1.05E+03 4.07E-10 1.80E+03 5.80E-10
3.50E+02 1.71E-10 1.10E+03 4.02E-10 1.85E+03 5.01E-10
3.99E+02 8.49E-11 1.15E+03 7.30E-10 1.90E+03 8.14E-10
4.49E+02 2.42E-10 1.20E+03 3.53E-10 1.95E+03 7.34E-10
4.99E+02 3.68E-10 1.25E+03 4.60E-10 2.00E+03 5.33E-10
5.48E+02 2.42E-10 1.30E+03 1.39E-10 2.05E+03 3.18E-10
5.98E+02 2.35E-10 1.35E+03 2.90E-09 2.10E+03 5.60E-10
6.48E+02 2.61E-10 1.40E+03 6.00E-10 2.15E+03 4.20E-06




















     Figure 57. I-V Graph for FADPE-Cap 4.













1.14E-01 3.28E-11 5.98E+02 2.76E-10 1.20E+03 5.79E-10
5.08E+01 4.17E-11 6.48E+02 2.87E-10 1.25E+03 4.96E-10
1.01E+02 2.99E-11 6.98E+02 2.67E-10 1.30E+03 5.06E-10
1.50E+02 2.87E-11 7.48E+02 3.46E-10 1.35E+03 7.22E-10
2.00E+02 3.36E-11 7.97E+02 3.16E-10 1.40E+03 5.11E-10
2.50E+02 8.58E-11 8.47E+02 2.73E-10 1.45E+03 2.69E-10
3.00E+02 6.64E-11 9.01E+02 3.96E-10 1.50E+03 6.43E-10
3.50E+02 1.50E-10 9.51E+02 3.34E-10 1.55E+03 1.07E-09
3.99E+02 6.99E-11 1.00E+03 4.73E-10 1.60E+03 1.64E-09
4.49E+02 2.21E-10 1.05E+03 5.28E-10 1.65E+03 4.65E-06
4.99E+02 3.36E-10 1.10E+03 5.19E-10 1.70E+03 4.85E-06
























     Figure 58. I-V Graph for FADPE-Cap 5.













1.12E-01 5.78E-12 7.97E+02 1.69E-10 1.60E+03 3.27E-10
5.08E+01 7.86E-11 8.47E+02 1.36E-10 1.65E+03 5.35E-10
1.01E+02 3.69E-11 9.01E+02 1.46E-10 1.70E+03 1.30E-10
1.50E+02 8.60E-11 9.51E+02 1.46E-10 1.75E+03 7.14E-10
2.00E+02 8.90E-11 1.00E+03 2.53E-10 1.80E+03 3.02E-10
2.50E+02 7.92E-11 1.05E+03 2.23E-10 1.85E+03 6.77E-10
3.00E+02 7.51E-11 1.10E+03 3.25E-10 1.90E+03 7.24E-10
3.50E+02 7.86E-11 1.15E+03 4.49E-10 1.95E+03 4.66E-10
3.99E+02 7.66E-11 1.20E+03 2.33E-10 2.00E+03 8.23E-10
4.49E+02 8.16E-11 1.25E+03 2.79E-10 2.05E+03 1.30E-09
4.99E+02 8.89E-11 1.30E+03 2.44E-10 2.10E+03 6.18E-10
5.48E+02 7.75E-11 1.35E+03 3.10E-10 2.15E+03 1.16E-09
5.98E+02 7.33E-11 1.40E+03 2.87E-10 2.20E+03 2.36E-09
6.48E+02 7.05E-11 1.45E+03 3.20E-10 2.25E+03 6.21E-06
6.98E+02 8.84E-11 1.50E+03 9.25E-11 2.30E+03 8.78E-06

























     Figure 59. I-V Graph for FDAPE-Cap 1.













1.12E-01 1.09E-12 1.05E+03 4.21E-10 2.05E+03 9.23E-10
5.10E+01 2.45E-10 1.10E+03 4.27E-10 2.10E+03 1.14E-09
9.95E+01 5.40E-11 1.15E+03 4.92E-10 2.15E+03 1.40E-09
1.51E+02 5.21E-11 1.20E+03 3.79E-10 2.20E+03 1.24E-09
1.99E+02 5.32E-11 1.25E+03 3.98E-10 2.25E+03 1.85E-09
2.51E+02 5.66E-11 1.30E+03 5.55E-10 2.30E+03 1.73E-09
2.99E+02 5.87E-11 1.35E+03 3.79E-10 2.35E+03 1.96E-09
3.51E+02 6.37E-11 1.40E+03 3.99E-10 2.40E+03 1.53E-09
3.98E+02 6.05E-11 1.45E+03 8.17E-10 2.45E+03 2.15E-09
4.51E+02 8.04E-11 1.50E+03 4.24E-10 2.50E+03 2.26E-09
4.98E+02 8.29E-11 1.55E+03 4.58E-10 2.55E+03 2.54E-09
5.51E+02 1.82E-10 1.60E+03 4.50E-10 2.60E+03 2.87E-09
5.97E+02 8.33E-11 1.65E+03 6.32E-10 2.65E+03 3.40E-09
6.51E+02 1.00E-10 1.70E+03 1.01E-09 2.70E+03 3.96E-09
7.01E+02 1.43E-10 1.75E+03 5.78E-10 2.75E+03 3.27E-09
7.51E+02 1.43E-10 1.80E+03 5.72E-10 2.80E+03 3.96E-09
8.01E+02 1.04E-10 1.85E+03 7.32E-10 2.85E+03 5.28E-09
8.51E+02 1.05E-10 1.90E+03 7.17E-10 2.90E+03 7.82E-06
9.01E+02 9.57E-11 1.95E+03 8.26E-10 2.95E+03 8.83E-06

























     Figure 60. I-V Graph for FDAPE-Cap 2.













4.99E+01 2.40E-11 1.35E+03 2.36E-10 2.65E+03 1.05E-09
1.50E+02 8.85E-12 1.45E+03 3.75E-10 2.75E+03 8.70E-10
2.49E+02 5.46E-11 1.55E+03 1.00E-09 2.85E+03 1.78E-09
3.49E+02 3.74E-11 1.65E+03 4.27E-10 2.95E+03 2.24E-09
4.48E+02 6.00E-11 1.75E+03 4.57E-10 3.05E+03 1.89E-09
4.98E+02 3.07E-11 1.80E+03 2.84E-10 3.10E+03 2.40E-09
5.48E+02 1.20E-11 1.85E+03 5.35E-10 3.15E+03 2.93E-09
5.98E+02 1.43E-10 1.90E+03 1.23E-09 3.20E+03 3.33E-09
6.47E+02 1.44E-10 1.95E+03 5.02E-10 3.25E+03 3.79E-09
6.97E+02 2.87E-10 2.00E+03 6.30E-10 3.30E+03 4.59E-09
7.47E+02 3.32E-10 2.05E+03 2.62E-10 3.35E+03 5.00E-09
8.01E+02 3.35E-10 2.10E+03 6.94E-10 3.40E+03 9.48E-09
8.51E+02 4.58E-10 2.15E+03 8.40E-10 3.45E+03 3.84E-09
9.01E+02 2.51E-10 2.20E+03 2.42E-10 3.50E+03 5.28E-09
9.51E+02 2.78E-10 2.25E+03 1.39E-09 3.55E+03 5.34E-09
1.00E+03 3.93E-10 2.30E+03 8.19E-10 3.60E+03 8.54E-09
1.05E+03 3.91E-10 2.35E+03 1.16E-09 3.65E+03 8.88E-09
1.10E+03 4.68E-10 2.40E+03 7.93E-10 3.70E+03 1.27E-08
1.15E+03 1.29E-09 2.45E+03 1.70E-09 3.75E+03 1.38E-06
1.20E+03 8.38E-10 2.50E+03 2.36E-09 3.80E+03 1.53E-05























     Figure 61. I-V Graph for FDAPE-Cap 3.













1.16E-01 1.07E-12 1.25E+03 2.80E-10 2.50E+03 1.40E-09
5.10E+01 2.09E-10 1.30E+03 2.56E-10 2.55E+03 1.71E-09
9.95E+01 4.76E-11 1.35E+03 2.60E-10 2.60E+03 1.00E-09
1.99E+02 4.81E-11 1.45E+03 5.69E-10 2.70E+03 1.46E-09
2.51E+02 4.98E-11 1.50E+03 6.87E-10 2.75E+03 1.81E-09
2.99E+02 4.65E-11 1.55E+03 3.15E-10 2.80E+03 2.42E-09
3.98E+02 4.82E-11 1.65E+03 3.25E-10 2.90E+03 5.50E-09
4.51E+02 5.44E-11 1.70E+03 8.12E-11 2.95E+03 2.76E-09
4.98E+02 6.04E-11 1.75E+03 4.26E-10 3.00E+03 3.29E-09
5.97E+02 7.19E-11 1.85E+03 3.63E-10 3.10E+03 3.64E-09
6.51E+02 1.04E-10 1.90E+03 4.01E-10 3.15E+03 4.46E-09
7.51E+02 9.34E-11 2.00E+03 4.51E-10 3.25E+03 4.84E-09
8.01E+02 9.52E-11 2.05E+03 2.42E-10 3.30E+03 4.42E-09
8.51E+02 1.09E-10 2.10E+03 9.21E-10 3.35E+03 6.23E-09
9.01E+02 8.92E-11 2.15E+03 1.06E-09 3.40E+03 4.84E-09
9.51E+02 8.60E-11 2.20E+03 1.02E-09 3.45E+03 5.39E-09
1.00E+03 5.56E-10 2.25E+03 7.70E-10 3.50E+03 8.42E-09
1.05E+03 4.65E-10 2.30E+03 1.12E-09 3.55E+03 6.01E-09
1.10E+03 6.75E-10 2.35E+03 9.01E-10 3.60E+03 6.39E-09
1.15E+03 3.84E-10 2.40E+03 1.47E-09 3.65E+03 7.09E-06























     Figure 62. I-V Graph for FDAPE-Cap 4.













7.48E-02 3.00E-11 1.40E+03 8.07E-10 2.70E+03 2.16E-09
5.02E+01 1.60E-10 1.45E+03 5.13E-10 2.75E+03 1.50E-09
1.50E+02 1.18E-10 1.55E+03 3.67E-10 2.85E+03 2.41E-09
2.00E+02 7.95E-11 1.60E+03 5.62E-10 2.90E+03 3.12E-09
2.49E+02 1.44E-10 1.65E+03 8.88E-10 2.95E+03 2.88E-09
2.99E+02 1.09E-10 1.70E+03 8.28E-10 3.00E+03 3.25E-09
4.49E+02 1.28E-10 1.85E+03 3.96E-10 3.15E+03 3.44E-09
4.98E+02 1.27E-10 1.90E+03 6.90E-10 3.20E+03 3.27E-09
5.48E+02 1.72E-10 1.95E+03 1.01E-09 3.25E+03 5.55E-09
5.98E+02 9.41E-11 2.00E+03 7.53E-10 3.30E+03 5.03E-09
6.48E+02 1.95E-10 2.05E+03 3.13E-09 3.35E+03 6.51E-09
6.98E+02 1.89E-10 2.10E+03 8.98E-10 3.40E+03 6.98E-09
7.47E+02 1.85E-10 2.15E+03 8.31E-10 3.45E+03 6.19E-09
8.01E+02 1.48E-10 2.20E+03 7.95E-10 3.50E+03 8.46E-09
8.51E+02 1.19E-10 2.25E+03 9.71E-10 3.55E+03 1.03E-08
9.51E+02 4.31E-10 2.35E+03 9.77E-10 3.65E+03 1.10E-08
1.00E+03 2.24E-10 2.40E+03 8.90E-10 3.70E+03 1.04E-08
1.05E+03 6.27E-10 2.45E+03 1.65E-09 3.75E+03 1.55E-08
1.10E+03 3.36E-10 2.50E+03 1.86E-09 3.80E+03 1.41E-06
1.15E+03 1.15E-10 2.55E+03 1.74E-09 3.85E+03 1.39E-05























     Figure 63. I-V Graph for FDAPE-Cap 5.













8.23E-03 1.69E-12 1.25E+03 3.46E-10 2.50E+03 2.53E-09
4.98E+01 5.32E-11 1.30E+03 2.81E-10 2.55E+03 2.58E-09
1.01E+02 5.10E-11 1.35E+03 3.74E-10 2.60E+03 1.85E-09
1.49E+02 4.96E-11 1.40E+03 2.98E-10 2.65E+03 2.54E-09
2.01E+02 5.57E-11 1.45E+03 6.23E-10 2.70E+03 2.96E-09
2.49E+02 4.61E-11 1.50E+03 3.75E-10 2.75E+03 2.99E-09
3.01E+02 5.00E-11 1.55E+03 3.56E-10 2.80E+03 3.36E-09
3.49E+02 6.89E-11 1.60E+03 2.59E-10 2.85E+03 3.88E-09
4.01E+02 8.09E-11 1.65E+03 3.49E-10 2.90E+03 5.03E-09
4.48E+02 9.52E-11 1.70E+03 4.12E-10 2.95E+03 4.78E-09
5.01E+02 3.67E-11 1.75E+03 5.68E-10 3.00E+03 4.71E-09
5.47E+02 4.38E-11 1.80E+03 7.54E-10 3.05E+03 5.08E-09
6.01E+02 4.31E-11 1.85E+03 1.12E-09 3.10E+03 5.57E-09
6.47E+02 1.08E-10 1.90E+03 8.56E-10 3.15E+03 1.17E-08
7.01E+02 1.25E-10 1.95E+03 5.11E-10 3.20E+03 1.57E-08
7.51E+02 1.18E-10 2.00E+03 4.05E-10 3.25E+03 4.19E-06
8.01E+02 6.17E-11 2.05E+03 1.14E-09 3.30E+03 6.99E-06
8.51E+02 1.22E-10 2.10E+03 7.26E-10 3.35E+03 4.19E-06
9.01E+02 1.54E-10 2.15E+03 8.22E-10 3.40E+03 4.77E-06
9.51E+02 1.48E-10 2.20E+03 1.60E-09 3.45E+03 4.89E-06
1.05E+03 2.18E-10 2.30E+03 7.70E-10 3.55E+03 4.04E-06





















     Figure 64. I-V Graph for FDAPE-Cap 6.













1.30E-01 8.46E-10 1.05E+03 2.99E-10 2.10E+03 8.14E-10
5.02E+01 1.84E-11 1.10E+03 2.94E-10 2.15E+03 8.27E-10
1.00E+02 1.51E-10 1.15E+03 2.82E-10 2.20E+03 9.45E-10
1.50E+02 9.42E-11 1.20E+03 2.23E-10 2.25E+03 6.36E-10
1.99E+02 7.46E-11 1.25E+03 2.91E-10 2.30E+03 7.32E-10
2.49E+02 7.13E-11 1.30E+03 2.65E-10 2.35E+03 1.14E-09
2.99E+02 8.20E-11 1.35E+03 5.07E-10 2.40E+03 1.24E-09
3.49E+02 6.30E-11 1.40E+03 3.21E-10 2.45E+03 1.36E-09
3.99E+02 1.27E-10 1.45E+03 3.18E-10 2.50E+03 1.22E-09
4.48E+02 1.43E-10 1.50E+03 3.27E-10 2.55E+03 1.99E-09
4.98E+02 2.60E-10 1.55E+03 3.60E-10 2.60E+03 2.11E-09
5.48E+02 1.35E-10 1.60E+03 5.20E-10 2.65E+03 2.05E-09
5.98E+02 1.26E-10 1.65E+03 3.87E-10 2.70E+03 1.97E-09
6.47E+02 1.39E-10 1.70E+03 3.41E-10 2.75E+03 2.08E-09
6.97E+02 1.87E-10 1.75E+03 4.32E-10 2.80E+03 2.55E-09
7.47E+02 1.81E-10 1.80E+03 1.40E-10 2.85E+03 3.63E-09
8.01E+02 3.01E-10 1.85E+03 2.23E-10 2.90E+03 2.55E-09
8.51E+02 2.06E-10 1.90E+03 8.47E-10 2.95E+03 3.79E-06
9.01E+02 2.84E-10 1.95E+03 5.23E-10 3.00E+03 1.05E-05
9.51E+02 8.77E-11 2.00E+03 5.93E-10 3.05E+03 1.10E-05






















     Figure 65. I-V Graph for FDAPE-Cap 7.













-3.27E-03 7.70E-13 1.45E+03 1.54E-10 3.00E+03 1.27E-08
1.99E+02 7.84E-11 1.65E+03 5.99E-11 3.20E+03 5.10E-07
2.51E+02 9.13E-11 1.70E+03 6.99E-11 3.25E+03 3.00E-07
2.99E+02 1.03E-10 1.75E+03 5.33E-11 3.30E+03 1.72E-07
4.51E+02 1.24E-10 2.00E+03 8.51E-11 3.45E+03 1.14E-07
4.98E+02 8.82E-11 2.05E+03 8.74E-11 3.50E+03 1.90E-07
5.51E+02 1.09E-10 2.10E+03 1.19E-10 3.55E+03 1.27E-07
5.97E+02 1.03E-10 2.15E+03 1.57E-10 3.60E+03 9.52E-08
6.51E+02 2.48E-10 2.20E+03 5.78E-10 3.65E+03 1.24E-07
7.01E+02 1.51E-10 2.25E+03 5.00E-10 3.70E+03 4.12E-08
7.51E+02 1.38E-10 2.30E+03 1.25E-10 3.75E+03 8.62E-08
8.01E+02 5.91E-11 2.35E+03 6.17E-10 3.80E+03 1.40E-08
8.51E+02 2.34E-11 2.40E+03 1.02E-09 3.85E+03 3.83E-08
9.01E+02 1.17E-10 2.45E+03 3.65E-10 3.90E+03 1.43E-08
1.00E+03 4.70E-11 2.55E+03 7.00E-10 4.00E+03 1.63E-08
1.05E+03 5.80E-11 2.60E+03 7.32E-09 4.05E+03 1.89E-08
1.10E+03 4.77E-11 2.65E+03 9.47E-10 4.10E+03 1.19E-08
1.15E+03 6.53E-11 2.70E+03 1.67E-09 4.15E+03 2.36E-07
1.20E+03 1.48E-10 2.75E+03 2.30E-07 4.20E+03 1.68E-07
1.25E+03 1.09E-10 2.80E+03 1.64E-09 4.25E+03 1.29E-05
1.30E+03 1.62E-10 2.85E+03 1.04E-09 4.30E+03 1.55E-05
1.35E+03 9.79E-11 2.90E+03 2.95E-09 4.35E+03 1.54E-05
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     Figure 68. DSC of 32 in 42c FDAPE Before and After Curing. 
 
 
FDAPE w - 5%  cyclotene cured 
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     Figure 70. Dielectric Constant of 42a FCHPE, FCHPE Uncured, and  Cured. 
 
FDAPE w  cylcotene 5 % uncured - air FDAPE w  cylcotene 5 % uncured - nitrogen 
FDAPE w  cylcotene 5 % cured - air 








































Figure 71. Dissipation Factor of 42a FCHPE, FCHPE Uncured, and  Cured.
101
Table 37. Dissipation Factor Data for FCHPE Uncured 32.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 avg.
20 -5.41E-03 9.96E-03 -4.15E-04 -8.07E-03 -6.81E-04 -1.01E-02 1.74E-02 -7.82E-03 2.01E-02 2.49E-02 3.99E-03
25 1.27E-03 1.24E-03 -2.60E-04 -2.04E-03 1.65E-03 1.31E-03 1.53E-03 -8.89E-04 3.90E-04 1.40E-03 5.61E-04
30 7.40E-04 1.03E-03 -2.53E-03 -1.73E-03 1.05E-03 -9.43E-05 2.56E-04 1.14E-04 -1.18E-03 4.37E-03 2.02E-04
40 -9.91E-02 -4.65E-02 -7.53E-02 8.82E-03 1.17E-03 -4.35E-02 -5.49E-02 -1.63E-01 -6.07E-02 -2.84E-01 -8.17E-02
50 -5.93E-02 -4.69E-02 -3.45E-02 -3.47E-02 -1.67E-02 -4.51E-02 -3.63E-02 -3.12E-02 -2.70E-02 -5.40E-02 -3.86E-02
60 -4.47E-01 -1.65E-02 -1.99E-01 -2.24E-01 2.43E-02 -6.27E-02 -4.00E-01 -4.29E-01 -4.94E-01 -6.33E-01 -2.88E-01
80 1.58E-03 9.31E-04 2.16E-03 2.41E-03 1.30E-03 2.75E-03 2.32E-03 1.47E-03 2.29E-03 3.44E-03 2.07E-03
100 1.99E-03 1.00E-03 1.57E-03 -6.09E-04 3.35E-03 -8.19E-04 2.39E-03 2.22E-04 2.41E-03 2.18E-03 1.37E-03
120 7.59E-03 1.67E-02 1.80E-02 -1.45E-02 5.85E-03 -1.55E-02 -1.24E-02 1.61E-02 -1.24E-02 -2.89E-03 6.61E-04
150 4.60E-03 4.25E-03 -1.20E-03 3.55E-03 -8.70E-04 -1.04E-03 1.53E-03 4.82E-03 1.91E-03 6.07E-03 2.36E-03
200 1.30E-03 1.47E-03 1.43E-03 1.50E-03 1.29E-03 1.68E-03 1.44E-03 1.29E-03 1.60E-03 1.63E-03 1.46E-03
250 1.07E-03 1.30E-03 9.74E-04 1.16E-03 1.27E-03 1.47E-03 1.29E-03 1.31E-03 1.20E-03 1.51E-03 1.26E-03
300 1.39E-03 -5.28E-04 3.11E-04 7.73E-05 1.60E-03 1.74E-03 1.69E-03 -4.06E-03 4.28E-04 -2.02E-03 6.37E-05
400 9.95E-04 9.13E-04 9.93E-04 9.18E-04 9.13E-04 9.97E-04 9.33E-04 1.02E-03 9.91E-04 9.24E-04 9.60E-04
500 1.24E-03 1.42E-03 1.37E-03 1.35E-03 1.33E-03 1.49E-03 1.35E-03 1.44E-03 1.50E-03 1.47E-03 1.40E-03
600 1.24E-03 1.42E-03 1.31E-03 1.30E-03 1.28E-03 1.38E-03 1.37E-03 1.49E-03 1.45E-03 1.45E-03 1.37E-03
800 1.21E-03 1.39E-03 1.31E-03 1.35E-03 1.21E-03 1.39E-03 1.29E-03 1.40E-03 1.43E-03 1.34E-03 1.33E-03
1000 1.10E-03 1.24E-03 1.13E-03 1.20E-03 1.17E-03 1.19E-03 1.14E-03 1.30E-03 1.27E-03 1.19E-03 1.19E-03
1200 1.27E-03 1.46E-03 1.38E-03 1.35E-03 1.34E-03 1.42E-03 1.35E-03 1.50E-03 1.46E-03 1.43E-03 1.40E-03
1500 1.32E-03 1.35E-03 1.50E-03 1.26E-03 1.15E-03 1.18E-03 1.06E-03 1.73E-03 9.83E-04 1.27E-03 1.28E-03
2000 1.41E-03 1.59E-03 1.52E-03 1.50E-03 1.47E-03 1.57E-03 1.44E-03 1.61E-03 1.60E-03 1.58E-03 1.53E-03
2500 1.43E-03 1.62E-03 1.58E-03 1.54E-03 1.51E-03 1.63E-03 1.48E-03 1.67E-03 1.62E-03 1.63E-03 1.57E-03
3000 1.47E-03 1.68E-03 1.60E-03 1.57E-03 1.55E-03 1.65E-03 1.52E-03 1.70E-03 1.66E-03 1.65E-03 1.61E-03
4000 1.52E-03 1.72E-03 1.63E-03 1.62E-03 1.60E-03 1.69E-03 1.57E-03 1.75E-03 1.71E-03 1.70E-03 1.65E-03
5000 1.61E-03 1.81E-03 1.72E-03 1.70E-03 1.70E-03 1.79E-03 1.66E-03 1.85E-03 1.81E-03 1.80E-03 1.74E-03
6000 1.63E-03 1.84E-03 1.73E-03 1.74E-03 1.73E-03 1.86E-03 1.71E-03 1.85E-03 1.85E-03 1.85E-03 1.78E-03
8000 1.70E-03 1.93E-03 1.78E-03 1.81E-03 1.81E-03 1.93E-03 1.80E-03 1.93E-03 1.94E-03 1.94E-03 1.86E-03
10000 1.77E-03 2.00E-03 1.82E-03 1.87E-03 1.88E-03 1.99E-03 1.85E-03 1.98E-03 2.01E-03 2.01E-03 1.92E-03
12000 1.77E-03 2.00E-03 1.80E-03 1.87E-03 1.89E-03 2.00E-03 1.86E-03 1.96E-03 2.03E-03 2.05E-03 1.92E-03
15000 1.87E-03 2.11E-03 1.87E-03 1.97E-03 1.97E-03 2.10E-03 1.99E-03 2.03E-03 2.14E-03 2.16E-03 2.02E-03
20000 2.04E-03 2.29E-03 1.98E-03 2.14E-03 2.15E-03 2.29E-03 2.17E-03 2.20E-03 2.33E-03 2.31E-03 2.19E-03
25000 2.12E-03 2.36E-03 2.04E-03 2.22E-03 2.23E-03 2.38E-03 2.28E-03 2.25E-03 2.44E-03 2.43E-03 2.27E-03
30000 2.25E-03 2.50E-03 2.14E-03 2.36E-03 2.37E-03 2.54E-03 2.43E-03 2.37E-03 2.60E-03 2.57E-03 2.41E-03
40000 2.46E-03 2.68E-03 2.26E-03 2.56E-03 2.58E-03 2.78E-03 2.68E-03 2.58E-03 2.82E-03 2.81E-03 2.62E-03
50000 2.67E-03 2.92E-03 2.48E-03 2.77E-03 2.79E-03 3.02E-03 2.92E-03 2.79E-03 3.09E-03 3.06E-03 2.85E-03
60000 2.82E-03 3.07E-03 2.60E-03 2.93E-03 2.94E-03 3.20E-03 3.10E-03 2.95E-03 3.28E-03 3.28E-03 3.02E-03
80000 3.08E-03 3.33E-03 2.85E-03 3.22E-03 3.21E-03 3.52E-03 3.43E-03 3.30E-03 3.62E-03 3.58E-03 3.31E-03
100000 3.32E-03 3.58E-03 3.13E-03 3.48E-03 3.45E-03 3.80E-03 3.75E-03 3.59E-03 3.93E-03 3.87E-03 3.59E-03
120000 3.50E-03 3.75E-03 3.26E-03 3.14E-03 3.64E-03 4.01E-03 3.96E-03 3.29E-03 4.15E-03 4.08E-03 3.68E-03
150000 3.21E-03 3.46E-03 2.95E-03 3.37E-03 3.35E-03 3.79E-03 3.75E-03 3.54E-03 3.94E-03 4.46E-03 3.58E-03
200000 3.54E-03 3.80E-03 3.26E-03 3.72E-03 3.67E-03 4.20E-03 4.17E-03 3.96E-03 4.40E-03 4.19E-03 3.89E-03
250000 3.80E-03 4.07E-03 3.52E-03 3.99E-03 3.92E-03 4.53E-03 4.49E-03 4.39E-03 4.76E-03 4.48E-03 4.19E-03
300000 4.08E-03 4.33E-03 3.79E-03 4.28E-03 4.18E-03 4.85E-03 4.82E-03 4.79E-03 5.12E-03 4.77E-03 4.50E-03
400000 4.84E-03 5.10E-03 4.58E-03 5.05E-03 4.93E-03 5.71E-03 5.70E-03 5.62E-03 6.08E-03 5.68E-03 5.33E-03
500000 5.25E-03 5.57E-03 5.07E-03 5.50E-03 5.38E-03 6.26E-03 6.21E-03 6.13E-03 6.73E-03 6.29E-03 5.84E-03
600000 5.58E-03 5.91E-03 5.39E-03 5.86E-03 5.71E-03 6.64E-03 6.61E-03 6.55E-03 7.18E-03 6.73E-03 6.22E-03
800000 6.29E-03 6.68E-03 6.17E-03 6.65E-03 6.44E-03 7.45E-03 7.44E-03 7.45E-03 8.18E-03 7.52E-03 7.03E-03
1000000 7.03E-03 7.45E-03 6.90E-03 7.48E-03 7.14E-03 8.27E-03 8.26E-03 8.35E-03 9.14E-03 8.26E-03 7.83E-03
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Table 38. Dissipation Factor Data for FCHPE Cured 32.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 avg.
20 -6.36E-03 4.43E-03 4.48E-03 -7.81E-03 1.85E-03 1.51E-03 7.91E-03 8.71E-04 -8.68E-04 9.99E-04 7.01E-04
25 -5.98E-03 -8.85E-04 3.13E-03 1.12E-02 2.80E-03 -5.66E-04 7.78E-03 7.54E-03 3.20E-03 2.56E-03 3.08E-03
30 5.40E-03 8.56E-03 6.79E-03 6.81E-03 8.63E-03 4.22E-03 7.82E-03 1.24E-02 4.86E-03 7.95E-03 7.35E-03
40 -3.60E-02 -1.66E-03 2.78E-03 -2.61E-02 -3.34E-02 2.41E-03 5.52E-04 -4.51E-02 -2.09E-03 -3.62E-02 -1.75E-02
50 -2.07E-02 1.11E-02 -3.10E-02 -2.17E-02 6.83E-03 2.54E-02 -9.82E-03 1.44E-02 -3.32E-02 2.23E-02 -3.64E-03
60 2.06E-03 -7.81E-02 -8.59E-02 -3.88E-02 -4.12E-02 -8.59E-02 -1.01E-02 -8.39E-02 -8.02E-04 1.20E-02 -4.11E-02
80 3.30E-03 4.68E-03 2.28E-03 5.66E-03 3.79E-03 2.89E-03 5.12E-03 3.55E-03 4.79E-03 3.61E-03 3.97E-03
100 4.55E-03 6.02E-03 6.32E-03 5.57E-03 5.72E-03 4.63E-03 6.05E-03 4.42E-03 5.99E-03 6.79E-03 5.61E-03
120 8.40E-03 7.14E-03 9.03E-03 1.46E-02 7.21E-03 8.23E-03 1.23E-02 5.47E-03 1.20E-02 1.19E-02 9.63E-03
150 4.19E-03 5.39E-03 5.03E-03 4.85E-03 4.03E-03 4.38E-03 4.71E-03 4.39E-03 6.20E-03 5.20E-03 4.84E-03
200 7.31E-03 7.97E-03 6.72E-03 3.37E-03 4.18E-03 7.30E-03 5.16E-03 5.64E-03 6.46E-03 6.66E-03 6.08E-03
250 6.54E-03 6.07E-03 6.22E-03 5.78E-03 6.00E-03 5.72E-03 6.52E-03 5.79E-03 6.39E-03 6.93E-03 6.19E-03
300 6.82E-03 7.31E-03 4.14E-03 3.19E-03 4.04E-03 3.10E-03 9.14E-03 3.58E-03 4.70E-03 4.20E-03 5.02E-03
400 6.77E-03 6.52E-03 7.69E-03 6.56E-03 6.37E-03 6.66E-03 6.90E-03 7.02E-03 7.50E-03 7.35E-03 6.93E-03
500 7.41E-03 7.14E-03 7.70E-03 6.70E-03 7.03E-03 6.87E-03 7.31E-03 6.66E-03 7.62E-03 7.75E-03 7.22E-03
600 8.07E-03 7.51E-03 7.82E-03 6.91E-03 6.90E-03 7.05E-03 7.34E-03 6.89E-03 8.11E-03 8.33E-03 7.49E-03
800 8.46E-03 7.86E-03 8.49E-03 7.49E-03 7.75E-03 7.63E-03 7.87E-03 7.32E-03 8.12E-03 8.31E-03 7.93E-03
1000 8.81E-03 8.32E-03 8.92E-03 7.75E-03 8.07E-03 7.87E-03 8.12E-03 7.70E-03 8.47E-03 8.45E-03 8.25E-03
1200 9.19E-03 8.65E-03 9.11E-03 8.03E-03 8.25E-03 8.12E-03 8.22E-03 7.71E-03 8.67E-03 8.76E-03 8.47E-03
1500 9.31E-03 8.73E-03 9.23E-03 7.93E-03 8.24E-03 8.33E-03 8.33E-03 7.66E-03 8.83E-03 8.69E-03 8.53E-03
2000 1.01E-02 9.51E-03 9.84E-03 8.82E-03 9.06E-03 8.96E-03 9.08E-03 8.56E-03 9.46E-03 9.66E-03 9.31E-03
2500 1.04E-02 9.74E-03 9.96E-03 9.10E-03 9.37E-03 9.21E-03 9.40E-03 8.84E-03 9.79E-03 1.00E-02 9.59E-03
3000 1.06E-02 9.80E-03 9.96E-03 9.19E-03 9.61E-03 9.51E-03 9.66E-03 9.22E-03 9.97E-03 1.03E-02 9.78E-03
4000 1.09E-02 1.02E-02 1.03E-02 9.85E-03 1.00E-02 9.86E-03 1.01E-02 9.50E-03 1.05E-02 1.07E-02 1.02E-02
5000 1.11E-02 1.04E-02 1.05E-02 1.01E-02 1.03E-02 1.02E-02 1.04E-02 9.79E-03 1.08E-02 1.11E-02 1.05E-02
6000 1.12E-02 1.05E-02 1.07E-02 1.03E-02 1.05E-02 1.04E-02 1.06E-02 9.96E-03 1.11E-02 1.13E-02 1.07E-02
8000 1.14E-02 1.06E-02 1.08E-02 1.07E-02 1.07E-02 1.07E-02 1.09E-02 1.02E-02 1.14E-02 1.17E-02 1.09E-02
10000 1.15E-02 1.07E-02 1.09E-02 1.08E-02 1.09E-02 1.08E-02 1.11E-02 1.04E-02 1.15E-02 1.18E-02 1.10E-02
12000 1.16E-02 1.07E-02 1.09E-02 1.09E-02 1.10E-02 1.09E-02 1.12E-02 1.05E-02 1.17E-02 1.20E-02 1.11E-02
15000 1.16E-02 1.07E-02 1.10E-02 1.10E-02 1.11E-02 1.10E-02 1.13E-02 1.06E-02 1.18E-02 1.21E-02 1.12E-02
20000 1.16E-02 1.07E-02 1.10E-02 1.10E-02 1.11E-02 1.10E-02 1.13E-02 1.06E-02 1.19E-02 1.22E-02 1.12E-02
25000 1.16E-02 1.06E-02 1.10E-02 1.11E-02 1.11E-02 1.10E-02 1.13E-02 1.06E-02 1.19E-02 1.22E-02 1.13E-02
30000 1.16E-02 1.05E-02 1.09E-02 1.10E-02 1.11E-02 1.09E-02 1.13E-02 1.06E-02 1.19E-02 1.21E-02 1.12E-02
40000 1.15E-02 1.05E-02 1.08E-02 1.10E-02 1.11E-02 1.08E-02 1.12E-02 1.05E-02 1.18E-02 1.21E-02 1.11E-02
50000 1.15E-02 1.04E-02 1.09E-02 1.10E-02 1.10E-02 1.08E-02 1.12E-02 1.05E-02 1.19E-02 1.22E-02 1.11E-02
60000 1.14E-02 1.04E-02 1.08E-02 1.09E-02 1.10E-02 1.08E-02 1.12E-02 1.05E-02 1.18E-02 1.22E-02 1.11E-02
80000 1.15E-02 1.04E-02 1.09E-02 1.10E-02 1.10E-02 1.09E-02 1.13E-02 1.05E-02 1.19E-02 1.23E-02 1.12E-02
100000 1.16E-02 1.04E-02 1.11E-02 1.11E-02 1.11E-02 1.09E-02 1.14E-02 1.06E-02 1.20E-02 1.24E-02 1.13E-02
120000 1.18E-02 1.06E-02 1.13E-02 1.14E-02 1.14E-02 1.12E-02 1.16E-02 1.08E-02 1.23E-02 1.27E-02 1.15E-02
150000 1.17E-02 1.05E-02 1.12E-02 1.12E-02 1.13E-02 1.11E-02 1.15E-02 1.07E-02 1.22E-02 1.27E-02 1.14E-02
200000 1.20E-02 1.08E-02 1.17E-02 1.16E-02 1.16E-02 1.14E-02 1.18E-02 1.11E-02 1.26E-02 1.31E-02 1.18E-02
250000 1.23E-02 1.11E-02 1.20E-02 1.19E-02 1.19E-02 1.17E-02 1.21E-02 1.14E-02 1.29E-02 1.35E-02 1.21E-02
300000 1.27E-02 1.14E-02 1.25E-02 1.22E-02 1.22E-02 1.20E-02 1.24E-02 1.17E-02 1.33E-02 1.39E-02 1.24E-02
400000 1.35E-02 1.20E-02 1.33E-02 1.29E-02 1.29E-02 1.27E-02 1.31E-02 1.24E-02 1.40E-02 1.48E-02 1.32E-02
500000 1.39E-02 1.26E-02 1.41E-02 1.35E-02 1.35E-02 1.33E-02 1.37E-02 1.30E-02 1.47E-02 1.55E-02 1.38E-02
600000 1.42E-02 1.29E-02 1.45E-02 1.38E-02 1.38E-02 1.36E-02 1.40E-02 1.33E-02 1.51E-02 1.60E-02 1.41E-02
800000 1.50E-02 1.36E-02 1.56E-02 1.45E-02 1.46E-02 1.43E-02 1.47E-02 1.40E-02 1.60E-02 1.70E-02 1.49E-02























     Figure 72. I-V Graph of FCHPE + 5% 32 before and after curing.













1.91E-01 6.93E-12 4.49E+02 1.66E-10 9.01E+02 2.85E-10
5.08E+01 1.63E-10 4.99E+02 2.29E-10 9.51E+02 7.08E-10
1.01E+02 7.51E-11 5.48E+02 2.37E-10 1.00E+03 6.22E-10
1.50E+02 7.64E-11 5.98E+02 2.34E-10 1.05E+03 5.77E-10
2.00E+02 7.99E-11 6.48E+02 2.51E-10 1.10E+03 1.65E-10
2.50E+02 1.08E-10 6.98E+02 2.10E-10 1.15E+03 6.03E-10
3.00E+02 1.14E-10 7.48E+02 2.21E-10 1.20E+03 4.45E-10
3.50E+02 1.42E-10 7.97E+02 5.45E-10 1.25E+03 5.19E-06
3.99E+02 1.27E-10 8.51E+02 2.47E-10 1.30E+03 6.55E-06
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5.07E+01 2.73E-11 1.05E+03 3.93E-10 2.05E+03 3.00E-09
1.00E+02 2.27E-11 1.10E+03 6.46E-10 2.10E+03 1.07E-09
1.50E+02 2.63E-11 1.15E+03 2.79E-10 2.15E+03 1.83E-09
2.00E+02 2.87E-11 1.20E+03 4.95E-10 2.20E+03 1.47E-09
2.50E+02 3.15E-11 1.25E+03 5.60E-10 2.25E+03 1.58E-09
3.00E+02 3.31E-11 1.30E+03 4.31E-10 2.30E+03 1.74E-09
3.49E+02 3.88E-11 1.35E+03 6.08E-10 2.35E+03 2.53E-09
3.99E+02 4.47E-10 1.40E+03 5.67E-10 2.40E+03 3.09E-09
4.49E+02 4.75E-10 1.45E+03 7.71E-10 2.45E+03 2.23E-09
4.98E+02 3.92E-10 1.50E+03 4.79E-10 2.50E+03 3.06E-09
5.48E+02 4.29E-10 1.55E+03 2.42E-09 2.55E+03 3.12E-09
5.98E+02 3.49E-10 1.60E+03 5.37E-10 2.60E+03 2.06E-09
6.48E+02 2.49E-10 1.65E+03 9.90E-10 2.65E+03 1.39E-09
6.97E+02 8.51E-10 1.70E+03 6.05E-10 2.70E+03 9.30E-09
7.47E+02 4.82E-10 1.75E+03 6.00E-10 2.75E+03 2.26E-09
8.01E+02 3.86E-10 1.80E+03 1.85E-09 2.80E+03 2.80E-09
8.51E+02 4.50E-10 1.85E+03 1.06E-09 2.85E+03 2.76E-09
9.01E+02 3.22E-10 1.90E+03 6.65E-10 2.90E+03 1.02E-05
9.51E+02 3.88E-10 1.95E+03 1.10E-09




















     Figure 73. I-V Graph of FCHPE + 5% 32 Cured-Cap 1.













2.00E-05 2.11E-12 9.01E+02 7.22E-11 1.80E+03 4.64E-10
5.07E+01 2.76E-11 9.51E+02 7.95E-11 1.85E+03 8.70E-10
1.00E+02 2.24E-11 1.00E+03 1.03E-10 1.90E+03 3.80E-10
1.50E+02 2.57E-11 1.05E+03 1.08E-10 1.95E+03 2.35E-10
2.00E+02 2.89E-11 1.10E+03 1.11E-10 2.00E+03 2.18E-10
2.50E+02 3.30E-11 1.15E+03 1.17E-10 2.05E+03 2.01E-10
3.00E+02 3.62E-11 1.20E+03 1.18E-10 2.10E+03 2.00E-10
3.49E+02 3.91E-11 1.25E+03 1.22E-10 2.15E+03 2.20E-10
3.99E+02 4.19E-11 1.30E+03 7.29E-10 2.20E+03 2.48E-10
4.49E+02 4.59E-11 1.35E+03 1.32E-09 2.25E+03 2.65E-10
4.98E+02 4.92E-11 1.40E+03 1.12E-09 2.30E+03 1.37E-09
5.48E+02 5.25E-11 1.45E+03 1.46E-09 2.35E+03 1.12E-09
5.98E+02 5.49E-11 1.50E+03 1.09E-09 2.40E+03 2.50E-09
6.48E+02 5.84E-11 1.55E+03 1.05E-09 2.45E+03 2.53E-09
6.98E+02 6.11E-11 1.60E+03 1.32E-09 2.50E+03 7.61E-10
7.47E+02 6.55E-11 1.65E+03 2.99E-09 2.55E+03 4.60E-06
8.01E+02 6.93E-11 1.70E+03 8.16E-10























     Figure 74. I-V Graph of FCHPE + 5% 32 Cured-Cap 2













5.07E+01 1.40E-10 8.51E+02 2.21E-10 1.65E+03 1.06E-09
1.00E+02 1.28E-10 9.01E+02 2.18E-10 1.70E+03 1.09E-09
1.50E+02 1.45E-10 9.51E+02 2.40E-10 1.75E+03 1.19E-09
2.00E+02 1.37E-10 1.00E+03 1.55E-10 1.80E+03 3.49E-09
2.50E+02 1.41E-10 1.05E+03 6.30E-10 1.85E+03 1.38E-09
3.00E+02 1.44E-10 1.10E+03 7.74E-10 1.90E+03 1.53E-09
3.49E+02 1.60E-10 1.15E+03 9.84E-10 1.95E+03 1.67E-09
3.99E+02 1.63E-10 1.20E+03 6.82E-10 2.00E+03 1.14E-09
4.49E+02 2.03E-10 1.25E+03 8.36E-10 2.05E+03 1.92E-09
4.98E+02 1.93E-10 1.30E+03 1.09E-09 2.10E+03 4.64E-09
5.48E+02 1.81E-10 1.35E+03 8.14E-10 2.15E+03 2.24E-09
5.98E+02 1.93E-10 1.40E+03 8.13E-10 2.20E+03 2.39E-09
6.48E+02 2.03E-10 1.45E+03 8.57E-10 2.25E+03 2.90E-09
6.97E+02 1.91E-10 1.50E+03 2.03E-09 2.30E+03 2.60E-09
7.47E+02 2.01E-10 1.55E+03 9.74E-10 2.35E+03 3.28E-09




















FCHPE+5%Cyclotene (cured) FADPE+5%Cyclotene (cured) FDAPE+5%Cyclotene (cured)
Figure 75. Dissipation Factor of Polyesters Incorporating 5% 32 Cured.
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Table 43. Dissipation Factor Data for FADPE+5% 32 Cured.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 avg.
20 -6.23E-04 5.02E-03 -1.74E-03 5.65E-03 -7.99E-03 1.45E-03 2.94E-04
25 -1.04E-03 4.78E-03 1.30E-03 4.51E-03 5.04E-03 -4.56E-03 1.67E-03
30 4.27E-03 6.02E-03 1.72E-03 6.55E-03 3.29E-03 -9.38E-05 3.63E-03
40 5.74E-02 8.38E-02 -8.13E-04 7.88E-02 9.55E-02 7.19E-02 6.44E-02
50 -2.13E-02 -2.38E-02 -2.37E-02 -2.67E-02 -2.61E-02 -3.31E-02 -2.58E-02
60 5.67E-02 -2.09E-01 -1.75E-01 2.03E-02 -1.99E-01 -3.04E-01 -1.35E-01
80 4.14E-03 5.80E-03 4.83E-03 4.89E-03 5.53E-03 6.12E-03 5.22E-03
100 2.07E-03 4.53E-03 1.76E-03 2.29E-03 3.67E-03 4.05E-03 3.06E-03
120 6.70E-03 1.02E-02 -8.20E-03 -1.24E-02 -1.75E-02 3.37E-03 -2.97E-03
150 3.10E-03 2.16E-04 4.52E-05 3.55E-03 2.17E-03 2.39E-03 1.91E-03
200 7.69E-03 8.30E-03 7.33E-03 6.21E-03 8.93E-03 6.78E-03 7.54E-03
250 3.11E-03 3.54E-03 3.74E-03 3.38E-03 4.28E-03 4.24E-03 3.71E-03
300 8.60E-04 -1.56E-02 -5.73E-03 -1.20E-02 -5.49E-03 -1.24E-02 -8.40E-03
400 1.87E-03 2.04E-03 1.88E-03 1.92E-03 1.77E-03 2.38E-03 1.98E-03
500 1.24E-03 1.36E-03 1.56E-03 1.38E-03 1.68E-03 1.68E-03 1.48E-03
600 9.84E-04 2.52E-04 1.45E-03 8.63E-04 1.55E-03 -2.21E-04 8.13E-04
800 7.16E-04 5.53E-04 8.92E-04 4.15E-04 9.62E-04 1.07E-03 7.68E-04
1000 5.26E-04 4.35E-04 8.81E-04 3.14E-04 8.36E-04 1.23E-03 7.03E-04
1200 9.25E-04 5.54E-04 1.02E-03 3.38E-04 1.27E-03 1.36E-03 9.11E-04
1500 7.91E-04 5.94E-04 9.66E-04 4.43E-04 1.65E-03 2.12E-03 1.09E-03
2000 1.22E-03 9.64E-04 1.44E-03 8.61E-04 1.67E-03 1.76E-03 1.32E-03
2500 1.36E-03 1.09E-03 1.59E-03 1.04E-03 1.87E-03 1.93E-03 1.48E-03
3000 1.38E-03 1.10E-03 1.70E-03 1.09E-03 1.90E-03 1.82E-03 1.50E-03
4000 1.91E-03 1.76E-03 2.10E-03 1.64E-03 2.28E-03 2.42E-03 2.02E-03
5000 2.08E-03 1.91E-03 2.23E-03 1.83E-03 2.37E-03 2.54E-03 2.16E-03
6000 2.22E-03 2.09E-03 2.39E-03 1.97E-03 2.34E-03 2.75E-03 2.29E-03
8000 2.39E-03 2.28E-03 2.52E-03 2.20E-03 2.59E-03 2.86E-03 2.47E-03
10000 2.52E-03 2.42E-03 2.66E-03 2.36E-03 2.66E-03 3.01E-03 2.60E-03
12000 2.65E-03 2.57E-03 2.77E-03 2.48E-03 2.76E-03 3.16E-03 2.73E-03
15000 2.82E-03 2.75E-03 2.95E-03 2.67E-03 2.84E-03 3.29E-03 2.88E-03
20000 3.05E-03 2.97E-03 3.18E-03 2.90E-03 3.09E-03 3.54E-03 3.12E-03
25000 3.28E-03 3.20E-03 3.41E-03 3.12E-03 3.26E-03 3.75E-03 3.34E-03
30000 3.43E-03 3.39E-03 3.58E-03 3.28E-03 3.41E-03 3.92E-03 3.50E-03
40000 3.76E-03 3.73E-03 3.92E-03 3.62E-03 3.62E-03 4.26E-03 3.82E-03
50000 4.01E-03 4.02E-03 4.21E-03 3.91E-03 3.89E-03 4.58E-03 4.10E-03
60000 4.22E-03 4.27E-03 4.45E-03 4.14E-03 4.14E-03 4.86E-03 4.34E-03
80000 4.66E-03 4.70E-03 4.92E-03 4.60E-03 4.64E-03 5.34E-03 4.81E-03
100000 5.04E-03 5.08E-03 5.29E-03 5.00E-03 5.01E-03 5.73E-03 5.19E-03
120000 5.52E-03 5.57E-03 5.77E-03 5.47E-03 5.50E-03 6.17E-03 5.67E-03
150000 5.65E-03 5.73E-03 5.96E-03 5.65E-03 5.99E-03 6.67E-03 5.94E-03
200000 6.27E-03 6.35E-03 6.60E-03 6.30E-03 6.26E-03 6.92E-03 6.45E-03
250000 6.77E-03 6.85E-03 7.13E-03 6.84E-03 6.77E-03 7.36E-03 6.95E-03
300000 7.28E-03 7.36E-03 7.67E-03 7.34E-03 7.22E-03 7.80E-03 7.45E-03
400000 8.26E-03 8.39E-03 8.71E-03 8.55E-03 8.30E-03 8.86E-03 8.51E-03
500000 9.15E-03 9.31E-03 9.64E-03 9.27E-03 9.24E-03 9.56E-03 9.36E-03
600000 9.72E-03 9.82E-03 1.02E-02 9.81E-03 9.80E-03 1.03E-02 9.94E-03
800000 1.09E-02 1.10E-02 1.15E-02 1.10E-02 1.10E-02 1.14E-02 1.11E-02
1000000 1.20E-02 1.21E-02 1.26E-02 1.22E-02 1.21E-02 1.25E-02 1.22E-02
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       Table 44. Dissipation Factor Data for FDAPE+5% 32 Cured.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 C8 C9 avg.
20 1.23E-02 8.08E-03 1.29E-02 1.82E-02 1.62E-02 -3.78E-04 -3.11E-03 6.23E-03 -3.55E-03 7.43E-03
25 5.57E-03 5.84E-04 3.79E-03 1.09E-03 1.76E-02 -8.82E-03 2.66E-03 4.22E-03 5.96E-03 3.62E-03
30 1.45E-02 1.34E-02 5.58E-03 6.83E-03 2.29E-02 4.34E-03 1.15E-02 1.40E-03 2.58E-03 9.23E-03
40 7.40E-02 1.48E-01 6.05E-02 9.01E-02 2.21E-01 6.20E-02 3.78E-02 2.16E-01 1.24E-01 1.15E-01
50 2.42E-02 2.82E-03 4.27E-02 -8.10E-04 3.52E-02 2.32E-03 -2.71E-03 6.72E-03 4.54E-03 1.28E-02
60 2.55E-02 1.84E-01 2.07E-02 5.65E-01 4.48E-01 3.13E-02 1.83E-01 7.03E-02 5.01E-01 2.25E-01
80 -5.30E-04 1.22E-03 1.86E-04 5.68E-04 3.86E-02 5.18E-04 -3.35E-04 1.60E-03 -1.05E-03 4.53E-03
100 9.79E-03 4.00E-04 6.19E-03 8.49E-03 4.78E-02 -2.42E-04 5.43E-03 1.20E-02 4.21E-03 1.05E-02
120 1.87E-02 1.39E-02 4.17E-02 2.93E-02 6.55E-02 3.45E-02 2.83E-02 3.12E-02 2.90E-02 3.25E-02
150 9.28E-03 7.03E-03 8.16E-03 9.12E-03 7.66E-02 1.01E-02 5.71E-03 2.90E-03 3.44E-03 1.47E-02
200 4.02E-03 7.38E-03 5.59E-03 4.13E-03 9.27E-02 5.00E-03 6.62E-03 6.50E-03 5.59E-03 1.53E-02
250 5.99E-03 7.22E-03 7.31E-03 7.61E-03 1.08E-01 5.28E-03 5.57E-03 7.17E-03 5.40E-03 1.77E-02
300 4.71E-03 2.21E-02 4.45E-04 6.76E-03 1.18E-01 6.83E-03 7.93E-03 1.03E-02 3.27E-03 2.00E-02
400 8.53E-03 1.19E-02 9.24E-03 8.96E-03 1.61E-01 9.06E-03 9.84E-03 8.45E-03 8.78E-03 2.62E-02
500 1.01E-02 1.36E-02 1.12E-02 1.13E-02 1.80E-01 1.09E-02 1.00E-02 1.07E-02 1.02E-02 2.98E-02
600 1.11E-02 1.58E-02 1.28E-02 1.29E-02 2.07E-01 1.15E-02 1.03E-02 1.02E-02 1.16E-02 3.36E-02
800 1.41E-02 1.92E-02 1.48E-02 1.53E-02 2.52E-01 1.48E-02 1.33E-02 1.42E-02 1.37E-02 4.13E-02
1000 1.45E-02 1.45E-02 1.50E-02 1.65E-02 1.45E-02 1.49E-02 1.37E-02 1.46E-02 1.44E-02 1.47E-02
1200 1.56E-02 2.24E-02 1.63E-02 1.78E-02 4.17E-01 1.66E-02 1.48E-02 1.55E-02 1.56E-02 6.13E-02
1500 1.67E-02 2.61E-02 1.77E-02 1.92E-02 4.88E-01 1.86E-02 1.58E-02 1.76E-02 1.64E-02 7.06E-02
2000 1.65E-02 2.84E-02 1.70E-02 2.15E-02 9.80E-01 1.79E-02 1.57E-02 1.73E-02 1.69E-02 1.26E-01
2500 1.68E-02 3.17E-02 1.69E-02 2.28E-02 1.12E+00 1.83E-02 1.60E-02 1.75E-02 1.72E-02 1.42E-01
3000 1.65E-02 3.56E-02 1.69E-02 2.38E-02 1.23E+00 1.82E-02 1.56E-02 1.77E-02 1.73E-02 1.55E-01
4000 1.57E-02 4.01E-02 1.62E-02 2.63E-02 1.24E+00 1.77E-02 1.51E-02 1.68E-02 1.69E-02 1.56E-01
5000 1.53E-02 4.56E-02 1.58E-02 2.85E-02 1.23E+00 1.75E-02 1.48E-02 1.63E-02 1.69E-02 1.55E-01
6000 1.49E-02 5.19E-02 1.52E-02 3.10E-02 1.20E+00 1.74E-02 1.45E-02 1.58E-02 1.68E-02 1.53E-01
8000 1.43E-02 6.30E-02 1.47E-02 3.60E-02 1.12E+00 1.72E-02 1.41E-02 1.50E-02 1.68E-02 1.46E-01
10000 1.37E-02 7.51E-02 1.42E-02 4.09E-02 8.55E-01 1.71E-02 1.37E-02 1.43E-02 1.70E-02 1.18E-01
12000 1.32E-02 8.61E-02 1.36E-02 4.61E-02 7.89E-01 1.70E-02 1.34E-02 1.37E-02 1.70E-02 1.12E-01
15000 1.27E-02 1.02E-01 1.30E-02 5.37E-02 6.48E-01 1.71E-02 1.31E-02 1.30E-02 1.73E-02 9.88E-02
20000 1.20E-02 1.30E-01 1.22E-02 6.69E-02 5.60E-01 1.74E-02 1.27E-02 1.21E-02 1.80E-02 9.35E-02
25000 1.18E-02 1.54E-01 1.19E-02 8.05E-02 4.38E-01 1.83E-02 1.27E-02 1.17E-02 1.92E-02 8.42E-02
30000 1.18E-02 2.06E-01 1.18E-02 9.42E-02 3.62E-01 1.93E-02 1.29E-02 1.15E-02 2.06E-02 8.33E-02
40000 1.22E-02 2.64E-01 1.22E-02 1.21E-01 2.75E-01 2.17E-02 1.38E-02 1.17E-02 2.38E-02 8.40E-02
50000 1.30E-02 3.00E-01 1.30E-02 1.49E-01 2.47E-01 2.46E-02 1.52E-02 1.23E-02 2.75E-02 8.92E-02
60000 1.41E-02 3.39E-01 1.42E-02 1.76E-01 2.18E-01 2.78E-02 1.65E-02 1.33E-02 3.12E-02 9.44E-02
80000 1.58E-02 4.10E-01 1.61E-02 2.31E-01 1.79E-01 3.38E-02 1.90E-02 1.49E-02 3.86E-02 1.07E-01
100000 1.74E-02 3.93E-01 1.78E-02 2.90E-01 1.57E-01 3.97E-02 2.15E-02 1.64E-02 4.57E-02 1.11E-01
120000 1.86E-02 1.46E-01 1.91E-02 3.43E-01 1.43E-01 4.52E-02 2.36E-02 1.75E-02 5.27E-02 8.98E-02
150000 2.03E-02 2.15E-01 2.12E-02 4.25E-01 1.25E-01 5.34E-02 2.69E-02 1.93E-02 6.30E-02 1.08E-01
200000 2.24E-02 1.61E-01 2.40E-02 5.66E-01 1.08E-01 6.66E-02 3.18E-02 2.14E-02 7.94E-02 1.20E-01
250000 2.46E-02 1.77E-01 2.65E-02 6.79E-01 9.56E-02 7.93E-02 3.65E-02 2.34E-02 9.65E-02 1.38E-01
300000 2.67E-02 1.80E-01 2.92E-02 8.20E-01 8.64E-02 9.23E-02 4.15E-02 2.55E-02 1.13E-01 1.57E-01
400000 3.06E-02 2.04E-01 3.42E-02 8.30E-01 7.47E-02 1.18E-01 5.05E-02 2.94E-02 1.47E-01 1.69E-01
500000 3.44E-02 2.51E-01 3.92E-02 1.51E-01 6.68E-02 1.43E-01 5.91E-02 3.32E-02 1.80E-01 1.06E-01
600000 3.81E-02 3.14E-01 4.40E-02 1.53E-01 6.13E-02 1.68E-01 6.80E-02 3.69E-02 2.11E-01 1.22E-01
800000 4.53E-02 5.25E-01 5.36E-02 8.89E-02 5.40E-02 2.18E-01 8.48E-02 4.39E-02 2.98E-01 1.57E-01




















     Figure 76. I-V Graph of FADPE + 5% 32 Cured-Cap 1.













4.08E-02 6.22E-12 7.48E+02 1.22E-10 1.50E+03 4.61E-10
5.08E+01 1.33E-10 8.01E+02 1.22E-10 1.55E+03 5.83E-10
1.01E+02 6.40E-11 8.47E+02 1.40E-10 1.60E+03 7.24E-10
1.50E+02 7.49E-11 9.01E+02 1.43E-10 1.65E+03 5.72E-10
2.01E+02 6.28E-11 9.51E+02 1.40E-10 1.70E+03 3.20E-10
2.50E+02 8.50E-11 1.00E+03 8.66E-10 1.75E+03 6.37E-10
3.01E+02 9.39E-11 1.05E+03 3.72E-10 1.80E+03 6.40E-10
3.50E+02 9.49E-11 1.10E+03 3.76E-10 1.85E+03 7.40E-10
4.01E+02 1.02E-10 1.15E+03 4.03E-10 1.90E+03 7.42E-10
4.49E+02 1.04E-10 1.20E+03 3.51E-10 1.95E+03 8.29E-10
5.01E+02 1.07E-10 1.25E+03 3.97E-10 2.00E+03 4.07E-09
5.48E+02 1.10E-10 1.30E+03 4.08E-10 2.05E+03 7.49E-06
6.01E+02 1.25E-10 1.35E+03 3.90E-10 2.10E+03 8.94E-06
6.48E+02 1.19E-10 1.40E+03 4.37E-10 2.15E+03 9.18E-06
























     Figure 77. I-V Graph of FADPE + 5% 32 Cured-Cap 2.













1.07E+00 4.22E-12 7.51E+02 1.24E-10 1.50E+03 9.94E-10
5.10E+01 6.94E-11 7.97E+02 1.35E-10 1.55E+03 1.15E-09
1.01E+02 7.34E-11 8.51E+02 1.44E-10 1.60E+03 4.00E-07
1.51E+02 8.22E-11 8.97E+02 1.41E-10 1.65E+03 1.92E-09
2.00E+02 8.05E-11 9.51E+02 1.55E-10 1.70E+03 1.78E-09
2.51E+02 8.65E-11 1.00E+03 4.07E-10 1.75E+03 1.74E-09
3.00E+02 8.47E-11 1.05E+03 6.55E-10 1.80E+03 3.55E-07
3.51E+02 9.12E-11 1.10E+03 4.47E-10 1.85E+03 2.43E-09
3.99E+02 9.73E-11 1.15E+03 4.25E-10 1.90E+03 2.30E-09
4.51E+02 1.05E-10 1.20E+03 4.09E-10 1.95E+03 2.08E-07
4.99E+02 1.13E-10 1.25E+03 4.60E-10 2.00E+03 6.99E-07
5.51E+02 1.10E-10 1.30E+03 4.53E-10 2.05E+03 1.40E-06
5.98E+02 1.14E-10 1.35E+03 5.10E-10 2.10E+03 1.84E-06
6.51E+02 1.23E-10 1.40E+03 5.37E-10






















     Figure 78. I-V Graph of FADPE + 5% 32 Cured-Cap 3.













5.10E+01 8.45E-11 1.05E+03 3.81E-10 2.00E+03 2.11E-09
1.01E+02 8.81E-11 1.10E+03 9.10E-10 2.05E+03 1.98E-09
1.51E+02 9.15E-11 1.15E+03 4.40E-10 2.10E+03 2.25E-09
2.00E+02 9.17E-11 1.20E+03 4.40E-10 2.15E+03 2.59E-09
2.51E+02 9.28E-11 1.25E+03 4.75E-10 2.20E+03 4.42E-09
3.00E+02 9.62E-11 1.30E+03 4.69E-10 2.25E+03 3.27E-09
3.51E+02 9.39E-11 1.35E+03 9.41E-10 2.30E+03 3.83E-09
3.99E+02 9.81E-11 1.40E+03 5.53E-10 2.35E+03 3.77E-09
4.51E+02 1.04E-10 1.45E+03 9.26E-10 2.40E+03 4.15E-09
4.99E+02 1.11E-10 1.50E+03 6.39E-10 2.45E+03 6.65E-09
5.51E+02 1.12E-10 1.55E+03 7.01E-10 2.50E+03 6.86E-09
5.98E+02 1.11E-10 1.60E+03 7.71E-10 2.55E+03 6.40E-09
6.51E+02 1.22E-10 1.65E+03 8.71E-10 2.60E+03 6.77E-09
6.98E+02 1.22E-10 1.70E+03 1.02E-09 2.65E+03 9.36E-09
7.51E+02 1.21E-10 1.75E+03 9.78E-10 2.70E+03 1.06E-08
7.97E+02 1.31E-10 1.80E+03 1.45E-09 2.75E+03 1.09E-08
8.51E+02 1.36E-10 1.85E+03 8.20E-10 2.80E+03 8.62E-06
8.97E+02 1.41E-10 1.90E+03 1.63E-09 2.85E+03 1.22E-05






















     Figure 79. I-V Graph of FADPE + 5% 32 Cured-Cap 4.













3.02E-01 2.84E-12 1.10E+03 2.82E-10 2.20E+03 8.72E-10
5.10E+01 1.23E-10 1.15E+03 3.09E-10 2.25E+03 9.37E-10
1.01E+02 6.04E-11 1.20E+03 2.93E-10 2.30E+03 9.36E-10
1.51E+02 6.22E-11 1.25E+03 2.95E-10 2.35E+03 2.78E-09
2.00E+02 6.07E-11 1.30E+03 3.14E-10 2.40E+03 8.07E-10
2.51E+02 6.40E-11 1.35E+03 3.34E-10 2.45E+03 2.03E-09
3.00E+02 6.94E-11 1.40E+03 9.85E-10 2.50E+03 1.64E-09
3.51E+02 6.67E-11 1.45E+03 3.21E-10 2.55E+03 1.77E-09
3.99E+02 7.38E-11 1.50E+03 3.46E-10 2.60E+03 3.78E-09
4.51E+02 7.30E-11 1.55E+03 1.22E-10 2.65E+03 2.70E-09
4.99E+02 7.78E-11 1.60E+03 3.85E-10 2.70E+03 3.08E-09
5.51E+02 8.23E-11 1.65E+03 3.87E-10 2.75E+03 4.39E-09
5.98E+02 8.30E-11 1.70E+03 6.89E-10 2.80E+03 9.38E-09
6.51E+02 8.81E-11 1.75E+03 4.53E-10 2.85E+03 5.10E-09
6.98E+02 9.64E-11 1.80E+03 6.20E-10 2.90E+03 1.15E-08
7.51E+02 8.96E-11 1.85E+03 8.86E-10 2.95E+03 6.78E-09
7.98E+02 1.06E-10 1.90E+03 5.35E-10 3.00E+03 8.65E-09
8.51E+02 1.06E-10 1.95E+03 9.29E-10 3.05E+03 2.11E-08
8.97E+02 1.04E-10 2.00E+03 9.53E-10 3.10E+03 2.44E-08
9.51E+02 1.10E-10 2.05E+03 1.06E-09 3.15E+03 8.95E-06
1.00E+03 2.72E-10 2.10E+03 5.34E-10 3.20E+03 9.77E-06



















     Figure 80. I-V Graph of FDAPE + 5% 32 Cured-Cap 1.













1.50E+03 1.20E-09 2.60E+03 3.08E-10 3.70E+03 3.24E-09
1.60E+03 7.35E-10 2.70E+03 1.07E-09 3.80E+03 1.99E-09
1.70E+03 6.49E-10 2.80E+03 2.22E-10 3.90E+03 2.67E-09
1.80E+03 1.02E-09 2.90E+03 1.20E-09 4.00E+03 5.23E-09
1.90E+03 1.84E-09 3.00E+03 3.41E-10 4.10E+03 5.40E-09
2.00E+03 8.52E-10 3.10E+03 1.27E-09 4.20E+03 6.32E-09
2.10E+03 5.63E-11 3.20E+03 1.96E-09 4.30E+03 6.49E-09
2.20E+03 8.85E-10 3.30E+03 1.83E-09 4.40E+03 7.12E-09
2.30E+03 7.77E-10 3.40E+03 1.66E-09 4.50E+03 1.26E-08
2.40E+03 1.36E-10 3.50E+03 2.49E-09 4.60E+03 1.41E-05

























     Figure 81. I-V Graph of FDAPE + 5% 32 Cured-Cap 2.













1.50E+03 4.37E-10 2.70E+03 1.92E-09 3.90E+03 3.80E-09
1.60E+03 1.14E-09 2.80E+03 1.27E-09 4.00E+03 9.23E-08
1.70E+03 8.82E-10 2.90E+03 1.45E-09 4.10E+03 5.94E-09
1.80E+03 8.17E-10 3.00E+03 2.12E-09 4.20E+03 7.01E-09
1.90E+03 2.13E-09 3.10E+03 2.17E-09 4.30E+03 8.70E-09
2.00E+03 8.99E-10 3.20E+03 2.63E-09 4.40E+03 9.80E-09
2.10E+03 1.47E-09 3.30E+03 1.73E-09 4.50E+03 3.02E-07
2.20E+03 8.85E-10 3.40E+03 2.73E-09 4.60E+03 4.10E-07
2.30E+03 9.36E-10 3.50E+03 4.04E-09 4.70E+03 1.86E-08
2.40E+03 1.84E-09 3.60E+03 8.22E-09 4.80E+03 1.76E-06
2.50E+03 1.01E-09 3.70E+03 2.19E-09 4.90E+03 1.81E-06


















     Figure 82. I-V Graph of FDAPE + 5% 32 Cured-Cap 3.













3.00E+03 4.70E-09 3.60E+03 6.04E-09 4.10E+03 1.82E-05
3.10E+03 2.31E-09 3.70E+03 5.73E-09 4.20E+03 1.88E-05
3.20E+03 2.64E-09 3.80E+03 6.10E-09 4.30E+03 1.95E-05
3.30E+03 3.26E-09 3.90E+03 2.79E-06 4.40E+03 2.02E-05
























     Figure 83. I-V Graph of FDAPE + 5% 32 Cured-Cap 4.






































     Figure 84. I-V Graph of FDAPE + 5% 32 Cured-Cap 5.













2.00E+03 3.02E-10 3.00E+03 1.28E-09 4.00E+03 6.83E-09
2.10E+03 1.49E-09 3.10E+03 2.12E-09 4.10E+03 1.07E-08
2.20E+03 1.03E-09 3.20E+03 2.98E-09 4.20E+03 1.36E-08
2.30E+03 2.10E-10 3.30E+03 1.88E-09 4.30E+03 9.13E-09
2.40E+03 1.25E-09 3.40E+03 2.60E-09 4.40E+03 2.06E-07
2.50E+03 1.90E-09 3.50E+03 4.75E-09 4.50E+03 1.66E-08
2.60E+03 1.46E-09 3.60E+03 4.12E-09 4.60E+03 2.02E-08
2.70E+03 1.43E-09 3.70E+03 4.82E-09 4.70E+03 1.46E-07
2.80E+03 1.67E-09 3.80E+03 8.05E-09 4.80E+03 3.42E-08














































     Figure 86. Dissipation Factor of Spin Coated FADPE-EC.
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                  Table 54. Dielectric Constant of Spin Coated FADPE-EC.
FREQUENCY CAPACITANCE
(in Hz) C1 C2 C3 C4 C5 C6 C7 avg. ε
20 8.73E-10 1.05E-09 8.61E-10 8.23E-10 7.93E-10 8.34E-10 8.51E-10 8.69E-10 3.666
25 8.74E-10 1.05E-09 8.60E-10 8.24E-10 7.94E-10 8.34E-10 8.51E-10 8.69E-10 3.667
30 8.74E-10 1.05E-09 8.60E-10 8.25E-10 7.94E-10 8.35E-10 8.51E-10 8.70E-10 3.668
40 8.75E-10 1.05E-09 8.63E-10 8.26E-10 7.93E-10 8.35E-10 8.46E-10 8.70E-10 3.667
50 8.75E-10 1.05E-09 8.60E-10 8.26E-10 7.95E-10 8.35E-10 8.51E-10 8.70E-10 3.670
60 8.71E-10 1.05E-09 8.60E-10 8.27E-10 7.97E-10 8.36E-10 8.53E-10 8.70E-10 3.670
80 8.76E-10 1.05E-09 8.60E-10 8.26E-10 7.95E-10 8.35E-10 8.51E-10 8.70E-10 3.671
100 8.77E-10 1.05E-09 8.60E-10 8.27E-10 7.95E-10 8.35E-10 8.51E-10 8.70E-10 3.671
120 8.77E-10 1.05E-09 8.60E-10 8.27E-10 7.95E-10 8.36E-10 8.51E-10 8.71E-10 3.672
150 8.77E-10 1.05E-09 8.60E-10 8.27E-10 7.95E-10 8.35E-10 8.51E-10 8.71E-10 3.671
200 8.77E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.35E-10 8.50E-10 8.70E-10 3.670
250 8.77E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.35E-10 8.50E-10 8.70E-10 3.670
300 8.77E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.35E-10 8.50E-10 8.70E-10 3.670
400 8.77E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.35E-10 8.50E-10 8.70E-10 3.670
500 8.77E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.35E-10 8.49E-10 8.70E-10 3.669
600 8.78E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.34E-10 8.49E-10 8.70E-10 3.669
800 8.78E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.34E-10 8.49E-10 8.70E-10 3.669
1000 8.78E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.34E-10 8.49E-10 8.70E-10 3.668
1200 8.78E-10 1.05E-09 8.59E-10 8.27E-10 7.95E-10 8.34E-10 8.49E-10 8.70E-10 3.668
1500 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.95E-10 8.34E-10 8.49E-10 8.70E-10 3.668
2000 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.34E-10 8.49E-10 8.70E-10 3.667
2500 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.34E-10 8.49E-10 8.69E-10 3.667
3000 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.34E-10 8.48E-10 8.69E-10 3.667
4000 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.34E-10 8.48E-10 8.69E-10 3.666
5000 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.666
6000 8.78E-10 1.05E-09 8.58E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.665
8000 8.78E-10 1.05E-09 8.57E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.665
10000 8.78E-10 1.05E-09 8.57E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.665
12000 8.78E-10 1.05E-09 8.57E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.665
15000 8.78E-10 1.05E-09 8.57E-10 8.27E-10 7.94E-10 8.33E-10 8.48E-10 8.69E-10 3.665
20000 8.78E-10 1.05E-09 8.57E-10 8.27E-10 7.94E-10 8.33E-10 8.47E-10 8.69E-10 3.663
25000 8.78E-10 1.05E-09 8.57E-10 8.26E-10 7.94E-10 8.33E-10 8.47E-10 8.69E-10 3.663
30000 8.78E-10 1.05E-09 8.57E-10 8.26E-10 7.94E-10 8.33E-10 8.47E-10 8.69E-10 3.663
40000 8.78E-10 1.05E-09 8.57E-10 8.26E-10 7.94E-10 8.33E-10 8.47E-10 8.68E-10 3.662
50000 8.78E-10 1.04E-09 8.56E-10 8.26E-10 7.94E-10 8.32E-10 8.47E-10 8.68E-10 3.662
60000 8.77E-10 1.05E-09 8.56E-10 8.26E-10 7.93E-10 8.32E-10 8.46E-10 8.68E-10 3.661
80000 8.78E-10 1.04E-09 8.57E-10 8.27E-10 7.94E-10 8.32E-10 8.47E-10 8.68E-10 3.662
100000 8.78E-10 1.04E-09 8.56E-10 8.27E-10 7.93E-10 8.32E-10 8.46E-10 8.68E-10 3.661
120000 8.77E-10 1.04E-09 8.56E-10 8.26E-10 7.93E-10 8.32E-10 8.46E-10 8.68E-10 3.660
150000 8.77E-10 1.04E-09 8.56E-10 8.26E-10 7.93E-10 8.32E-10 8.46E-10 8.68E-10 3.659
200000 8.76E-10 1.04E-09 8.54E-10 8.26E-10 7.93E-10 8.31E-10 8.44E-10 8.67E-10 3.655
250000 8.75E-10 1.04E-09 8.54E-10 8.25E-10 7.92E-10 8.30E-10 8.44E-10 8.66E-10 3.652
300000 8.75E-10 1.04E-09 8.53E-10 8.25E-10 7.91E-10 8.29E-10 8.43E-10 8.65E-10 3.650
400000 8.74E-10 1.04E-09 8.52E-10 8.25E-10 7.90E-10 8.28E-10 8.42E-10 8.64E-10 3.646
500000 8.72E-10 1.04E-09 8.51E-10 8.24E-10 7.90E-10 8.27E-10 8.41E-10 8.63E-10 3.641
600000 8.71E-10 1.04E-09 8.50E-10 8.24E-10 7.89E-10 8.26E-10 8.40E-10 8.62E-10 3.637
800000 8.68E-10 1.03E-09 8.48E-10 8.22E-10 7.87E-10 8.24E-10 8.38E-10 8.60E-10 3.628
1000000 8.64E-10 1.03E-09 8.46E-10 8.21E-10 7.85E-10 8.22E-10 8.35E-10 8.58E-10 3.617
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   Table 55. Dissipation of Spin Coated FADPE-EC.
FREQUENCY DISSIPATION
(in Hz) C1 C2 C3 C4 C5 C6 C7 avg.
20 -1.56E-04 8.61E-03 2.63E-04 -6.46E-04 6.65E-02 2.91E-04 1.83E-04 1.07E-02
25 1.50E-04 3.86E-03 4.28E-04 -5.84E-04 9.93E-02 2.82E-04 5.80E-04 1.49E-02
30 2.80E-04 2.50E-03 6.76E-04 -5.40E-04 9.03E-02 8.13E-04 9.76E-04 1.36E-02
40 1.83E-03 3.91E-03 4.08E-03 -1.37E-04 4.11E-02 -2.93E-03 -2.69E-03 6.46E-03
50 1.66E-03 2.49E-03 2.14E-03 9.20E-04 4.86E-02 -7.00E-04 -2.29E-04 7.85E-03
60 1.88E-03 3.50E-03 7.22E-03 1.77E-03 4.34E-02 6.08E-03 -2.50E-03 8.76E-03
80 7.99E-04 1.28E-03 1.19E-03 6.59E-05 3.11E-02 8.94E-04 1.02E-03 5.19E-03
100 7.01E-04 1.19E-03 1.02E-03 -5.83E-07 1.76E-02 1.12E-03 1.10E-03 3.24E-03
120 8.14E-04 5.54E-04 2.02E-04 -2.35E-04 1.66E-02 3.74E-04 1.20E-03 2.79E-03
150 9.01E-04 1.32E-03 1.43E-03 2.95E-04 1.44E-02 1.33E-03 1.19E-03 2.99E-03
200 6.94E-04 1.06E-03 9.88E-04 1.47E-04 1.73E-02 1.21E-03 1.17E-03 3.23E-03
250 9.31E-04 1.24E-03 1.27E-03 4.40E-04 1.34E-02 1.19E-03 1.24E-03 2.81E-03
300 7.56E-04 1.27E-03 1.18E-03 2.99E-04 1.10E-02 1.30E-03 1.02E-03 2.40E-03
400 9.66E-04 1.20E-03 1.29E-03 6.03E-04 6.92E-03 1.27E-03 1.27E-03 1.93E-03
500 9.91E-04 1.22E-03 1.30E-03 6.88E-04 3.99E-03 1.22E-03 1.23E-03 1.52E-03
600 1.03E-03 1.21E-03 1.30E-03 7.30E-04 3.62E-03 1.19E-03 1.26E-03 1.48E-03
800 1.02E-03 1.21E-03 1.29E-03 8.07E-04 3.00E-03 1.23E-03 1.23E-03 1.40E-03
1000 1.00E-03 1.19E-03 1.26E-03 8.32E-04 2.87E-03 1.21E-03 1.20E-03 1.37E-03
1200 1.03E-03 1.19E-03 1.27E-03 8.82E-04 2.43E-03 1.20E-03 1.19E-03 1.31E-03
1500 1.06E-03 1.20E-03 1.27E-03 9.29E-04 2.12E-03 1.21E-03 1.24E-03 1.29E-03
2000 1.17E-03 1.28E-03 1.33E-03 1.02E-03 1.92E-03 1.24E-03 1.29E-03 1.32E-03
2500 1.22E-03 1.29E-03 1.34E-03 1.14E-03 1.79E-03 1.31E-03 1.30E-03 1.34E-03
3000 1.27E-03 1.32E-03 1.35E-03 1.18E-03 1.79E-03 1.32E-03 1.32E-03 1.36E-03
4000 1.37E-03 1.37E-03 1.39E-03 1.27E-03 1.67E-03 1.37E-03 1.36E-03 1.40E-03
5000 1.49E-03 1.44E-03 1.46E-03 1.37E-03 1.63E-03 1.44E-03 1.44E-03 1.47E-03
6000 1.61E-03 1.50E-03 1.51E-03 1.45E-03 1.64E-03 1.50E-03 1.50E-03 1.53E-03
8000 1.83E-03 1.65E-03 1.64E-03 1.61E-03 1.66E-03 1.64E-03 1.64E-03 1.67E-03
10000 2.04E-03 1.76E-03 1.74E-03 1.70E-03 1.72E-03 1.74E-03 1.74E-03 1.78E-03
12000 2.23E-03 1.86E-03 1.83E-03 1.77E-03 1.75E-03 1.83E-03 1.83E-03 1.87E-03
15000 2.59E-03 2.09E-03 2.06E-03 1.93E-03 1.91E-03 2.03E-03 2.04E-03 2.09E-03
20000 3.12E-03 2.40E-03 2.36E-03 2.09E-03 2.10E-03 2.30E-03 2.35E-03 2.39E-03
25000 3.70E-03 2.76E-03 2.71E-03 2.35E-03 2.40E-03 2.66E-03 2.67E-03 2.75E-03
30000 4.17E-03 3.01E-03 2.96E-03 2.49E-03 2.56E-03 2.90E-03 2.90E-03 3.00E-03
40000 5.20E-03 3.61E-03 3.54E-03 2.85E-03 2.99E-03 3.43E-03 3.44E-03 3.58E-03
50000 6.23E-03 4.21E-03 4.13E-03 3.26E-03 3.43E-03 3.98E-03 3.99E-03 4.17E-03
60000 7.23E-03 4.83E-03 4.68E-03 3.65E-03 3.83E-03 4.49E-03 4.49E-03 4.74E-03
80000 9.30E-03 5.94E-03 5.84E-03 4.55E-03 4.74E-03 5.59E-03 5.58E-03 5.93E-03
100000 1.12E-02 7.00E-03 6.87E-03 5.34E-03 5.49E-03 6.55E-03 6.51E-03 7.00E-03
120000 1.33E-02 8.12E-03 7.97E-03 6.22E-03 6.32E-03 7.57E-03 7.52E-03 8.14E-03
150000 1.62E-02 9.70E-03 9.52E-03 7.48E-03 7.48E-03 9.00E-03 8.93E-03 9.75E-03
200000 2.09E-02 1.22E-02 1.20E-02 9.54E-03 9.31E-03 1.13E-02 1.12E-02 1.23E-02
250000 2.56E-02 1.47E-02 1.44E-02 1.16E-02 1.11E-02 1.35E-02 1.33E-02 1.49E-02
300000 3.03E-02 1.70E-02 1.67E-02 1.37E-02 1.28E-02 1.57E-02 1.54E-02 1.74E-02
400000 3.96E-02 2.17E-02 2.13E-02 1.78E-02 1.62E-02 1.99E-02 1.95E-02 2.23E-02
500000 4.89E-02 2.63E-02 2.58E-02 2.19E-02 1.95E-02 2.40E-02 2.35E-02 2.71E-02
600000 5.81E-02 3.10E-02 3.02E-02 2.58E-02 2.26E-02 2.80E-02 2.73E-02 3.19E-02
800000 7.67E-02 3.98E-02 3.91E-02 3.40E-02 2.92E-02 3.61E-02 3.51E-02 4.14E-02
1000000 9.49E-02 4.84E-02 4.75E-02 4.18E-02 3.52E-02 4.37E-02 4.24E-02 5.06E-02
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